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IN  THE  SENATE  OF  THE  UNITED  STATES. 


^lA 


Mr.  Hawley,  from  tlie  Select  Committee  on  Ordnance  and  Waj  Ships, . 

submitted  the  following 

•  REPORT: 

This  select  committee  was  appointed  under  the  following  resolution: 

Resolved,  That  a  select  committee  of  five  Senators  he  appointed  by  the  Chair  to  in- 
qnire  as  to  the  capacity  of  steel-prodncinR  works  lu  the  United  States  to  make  Mod 
of  suitable  quality  and  sufficient  in  quantity  to  furnish  metAl  for  gunsof  bi^h  power, 
and  metal  plates  and  other  material  for  the  construction  of  vessels  of  war,  and  for  tiio 
armor  or  Bheathing  for  such  vessels. 

2.  That  said  committee  shall  also  inquire  as  to  the  character  and  sufficiency  of  ma- 
chinery and  machine-tools  in  the  navy-yards,  and  also  in  private  foundries  and  ma- 
chine shops  iu  the  United  States,  for  the  construction  of  engines  suitable  for  vessels 
of  war,  and  for  manufacturing  guns  for  the  proper  armament  of  such  vessels,  and  of 
the  seacoast  defenses,  and  for  the  purpose  of  constructing  iron  and  steel  ships  of 
war. 

3.  Said  committee  shall  also  inquire  into  the  best  locations  in  the  United  States  for 
manufacturing  guns,  engines,  ana  armor  for  vessels,  and  for  building  iron  and  steel 
ships  of  war,  and  the  best  method  of  manufacturing  and  building  the  same,  whether 
by  the  Government  or  by  contract  with  private  persons. 

4.  Said  committee  shall  have  power  to  sit  in  the  vacation  of  the  Senate  at  any 
place  in  the  United  States,  to  send  for  persons  and  papers,  and  to  appoint  a  clerk, 
stenographer,  and  messenger,  and  may  report  by  bill  or  otherwise. 

5.  The  expenses  of  said  committee,  and  of  witnesses  summoned  before  it,  shall  be 
paid  out  of  the  contingent  fund  of  the  Senate,  to  be  certified  by  the  chairman  of  the 
committee,  and  audited  and  allowed  by  the  Committee  to  Audit  and  Control  the  Con- 
tingent Expenses  of  the  Senate. 

Agreed  to  July  3,  1884. 

The  following  Senators  were  appointed :  Senators  J.  R.  Hawley,  J.  F. 
Miller,  N.  W.  Aldrich,  John  T.  Morgan,  and  M.  C.  Butler.  Mr.  Miller 
was  excused  from  further  service  at  his  own  request  March  24,  1885, 
and  Mr.  Sewell  was  appointed  to  till  the  vacancy  March  30,  1886. 

The  committee  having  been  unable  to  complete  its  inquiries  during 
the  recess  of  1§84,  the  Senate  adopted  the  following  resolution: 

JResolred  hy  the  Senate^  That  the  select  committee  ''to  inquire  as  to  the  capacity 
of  8teel-pro(luciug  works  in  the  United  States,'*  be  ooutinuecl,  with  leave  to  complete 
the  duties  assigned  to  them  by  the  resolution  of  the  Senate,  and  with  the  powers 
conferred  upon  them  heretofore  by  the  Senate,  and  that  they  report  to  the  Senate  at 
the  session  in  December,  lti{)5. 

Agreed  to  March  3,  loti5. 

In  some  cases  the  full  committee,  in  others  a  subcommittee,  visited 
the  following  companies,  works,  and  yards  : 

The  Morgan  Iron  Works,  New  York  City;  the  Continental  Iron 
Works,  Greenpoint  (Brooklyn),  N.  Y.;  the  West  Point  Foundry  As- 
sociation, Cold  Spring,  N.  Y.;  the  Midvale  Steel  Company  and  the 
shipyards  of  Cramp  &  Sons,  Philadelphia;  the  Cambria  Iron  Com- 
pany, Johnstown,  Pa. ;  the  Bethlehem  Iron  Company,  Bethlehem,  Pa. ; 
the  Pennsylvania  Steel  Company,  Steel  ton,  Pa.  j  the  ship-yard  of  John 
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Eoach  &  Son,  Chester,  Pa.  At  Pittsburgh :  the  Edgar  Thomson  Steel 
Works,  the  Pittsburgh  Bessemer  Steel  Works,  the  Homestead  Steel 
Works ;  Park,  Brother  &  Co.,  limited ;  the  Pittsburgh  Steel  Casting 
Company ;  Jones  &  Laughlin-s ;  Miller,  Metcalf  &  Parkin,  and  the 
Keystone  Bridge  Company.  The  South  Boston  Iron  Works,  Boston, 
Mass.;  the  Tredegar  Iron  Works,  Richmond,  Va. ;  the  navy-yanls  at 
Norfolk,  Washington,  and  New  York;  the  Army  ordnance  proving 
grounds  at  Sandy  Hook,  N.  J.;  the  naval  ordnance  proving  grounds 
at  Annapolis;  and  the  torpedo  station  at  Newport,  R.  I. ;  also  witness- 
inar  there  the  maneuvers  of  the  North  Atlantic  squadron  in  August, 
1884. 

Two  members  of  the  committee,  in  Eugland.during  the  past  summer 
on  private  business,  took  opportunities,  one  or  both,  to  visit  the  Wool- 
wich Arsenal,  the  Chatham  Dock-Yard,  the  proving  grounds  at  Shoe- 
buryness,  and  the  works  of  Sir  William  G.  Armstrong  &  Co.  and  R.  & 
W.  Hawthorn,  at  Newcastle-on-Tyne,  Charles  Cammell  &  Co.  and  Sir 
John  Brown  &  Co.,  at  SheflSeld,  and  Sir  Joseph  Whitworth  &  Co.,  at 
Manchester. 

Through  Mr.  Phelps,  the  minister  of  the  United  States,  official  permis- 
sion was  kindly  and  promptly  granted  to  visit  the  Government  works 
at  Woolwich,  Chatham,  and  Shoeburyness,  and  the  private  establish- 
ments were  opened  mostfrankly  and  cordially.  The  subcommittee  was 
accompanied  by  Commander  Chadwick,  naval  attache  of  the  United 
States  legation,  and  Lieutenant  Jaques,  U.  S.  N.,  both  specially  quali- 
fied for  such  guidance. 

Mr.  Morgan,  of  the  committee,  visited  the  Pacific  coast  and  inspected 
the  Mare  Island  navy-yard,  the  Union  Iron  Works,  and  the  Pacific 
Rolling  Mill  Company^s  shops. 

At  the  request  of  the  committee,  the  Navy  Department  detailed  Lieut. 
W.  H.  Jaques,  and  the  War  Department  Capt.  Charles  Shaler,  Ordnance 
Corps,  to  assist  in  its  inquiries,  both  .highly  capable  officers.  The 
services  of  both  were  not  required,  an(i  Lieutenant  Jaques  served  as 
secretary  throughout  the  investigation.  The  committee  acknowledge 
with  great  pleasure  his  ready,  varied,  and  accurate  information,  and 
his  thorough  devotion  and  fidelity. 

The  committee  addressed  circulars  of  inquiry  covering  the  matters 
embraced  in  the  resolution  to  a  large  number  of  manufacturers.  In 
some  cases  where  they  could  not  visit  the  manufactories,  or  could  not 
delay  to  take  full  notes  on  the  spot,  they  sent  a  series  of  questions  by 
mail.  The  responses  appear  in  the  appendix.  There  also  may  be  found 
the  testimony  or  stateirients,  of  eminent  manufacturers,  scientists,  and 
Qthcrs  whoappeared  in  person  before  the  committee  or  forwarded  written 
pa])er8,  and  likewise  various  extracts  from  official  reports,  American 
and  English,  and  various  summaries  prepared  by  the  secretary  of  the 
committee  under  its  direction. 

We  append  also  a  brief  descriptive  catalogue  of  recent  publications, 
official  and  i^nofficial,  which  give  the  latest  information  and  opinions 
concerning  the  subject  of  this  inquiry  and  its  related  topics. 

lEON  ORES  IN  THE   UNITED   STATES. 

In  proceeding  to  ascertain  the  capacity  of  the  steel-producing  works 
of  the  United  States,  the  locations  and  characteristics  of  the  iron  ores 
of  the  country  claim  a  brief  preliminary  consideration. 

The  ores  found  on  the  Pacific  coast  have  received  but  little  attention, 
but  some  of  them,  abundant  in  quantity,  are  excellently  adapted  to 
fiteel  making,  containing  slight  quantities  of  phosphorus.    Most  of  the 
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deposits  are  on  well-timbered  land,  and  manufacturers  in  California  de- 
clare that  nothing  is  lacking  but  a  demand  for  the  product. 

Excellent  steel-making  ores  are  developing  in  Colorado. 

The  celebrated  Marquette  district,  in  Michigan,  is  the  most  productive 
in  the  country.  The  extent,  richness,  and  purity  of  the  hematite  and 
magnetic  ores  of  this  region  are  remarkable.  Fourteen  analyses  of  ores 
from  one  of  the  most  noted  mines  show  that  they  average  68.48  per  cent, 
of  metallic  iron. 

Next  to  the  Marquette  district  in  productiveness  is  the  Menominee 
range  district,  in  Michigan  and  Wisconsin.  Its  ores  average  from  64  to 
67  per  cent,  of  metallic  iron. 

During  the  twenty-eight  years  ending  in  1884  the  total  production  of 
iron  ore  on  the  southern  shore  of  Lake  Superior  amounted  to  25,313,244 
tons. 

Ores  of  vast  extent  and  uniformly  good  quality  have  lately  been  de- 
veloped in  the  Lake  Vermillion  district,  in  Saint  Louis  County,  Minne- 
sota. 

There  are  four  distinct  iron-ore  fields  in  Missouri,  whose  products  ex- 
hibit from  59  to  68  per  cent,  of  iron. 

The  immense  Cornwall  ore  beds  of  Lebanon  County,  Pennsylvania, 
appear  to  be  no  nearer  exhaustion  than  when  they  were  opened  one 
hundred  and  fifty  years  ago. 

The  Salisbury  iron  region  of  Litchfield  County,  Connecticut,  and 
neighboring  counties  in  New  York  and  Massachusetts,  supplies  valu- 
able brown  hematite  ores  as  freely  as  in  the  last  century. 

The  State  of  New  York  is  very  rich  in  ore  along  its  eastern  border 
on  both  banks  of  the  Hudson  and  in  the  vicinity  of  Lake  Champlain. 

Northern  New  Jersey  has  a  number  of  mines,  chiefly  of  magnetic  ore, 
furnishing  an  iron  suitable  for  forge  or  foundry  purposes^  with  some 
well  adapted  to  the  manufacture  of  Bessemer  steel. 

Ohio  has  many  varieties  of  iron,  but  Ohio,  like  Pennsylvania,  makes 
more  iron  from  ores  mined  outside  its  borders  than  from  its  own  ores. 

West  Virginia,  Kentucky,  Tennessee,  Georgia,  and  Alabama  contain 
valuable  and  extensive  deposits,  some  of  which  have  furnished  iron  of 
celebrated  excellence.  Under  the  new  and  rapidly  improving  processes 
many  of  the-se  ores  can  be  converted  into  steel. 

Iron  ore  is  common  in  Virginia,  some  of  very  superior  quality. 

North  Carolina  has  many  deposits,  one  of  which,  in  Mitchell  County, 
has  acknowledged  superior  adaptability  to  the  manufacture  of  steel. 

The  pig-iron  produced  in  the  United  States  in  1884  amounted  to 
4,067,868  gross  tons,  which,  by  trade  estimates,  required  7,785,940  tons 
of  ore.  Deducting  the  importations,  487,820  tons,  we  have  7,298,129  as 
the  home  production  of  the  year  that  was  smelted.  The  production  of 
steel  in  the  United  States  in  1883  was  as  follows : 

Short  tons 
(2,000  pounds). 

Be8aemer(acid) 1,654,627 

Open-hearth 133,679 

Crucible 80.455 

All  other  steel 6,598 

Total 1,874,359 

The  production  in  1884  waB  as  follows: 

Besuemer  (acid) 1,540,595 

Open-hearth 131.617 

Cnicible 59.662 

AU  other  ateel 5,111 

Total 1.736.985 
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Kearly  one-third  of  the  ore  is  suitable  for  Bessemer  steel,  according 
to  the  arbitrary  standard  assumed,  which  excludes  such  as  contain  more 
than  one-tenth  of  1  per  cent,  of  phosphorus. 

OPEN-HEARTH  STEEL. 

All  the  ores  available  for  Bessemer  steel  are  available  for  the  open- 
hearth  or  Siettiens-Martin  process.  It  is  the  final  and  decided  judgment 
of  the  practical  gun-makers  that  open-hearth  steel  is  best  adapted  for 
heavy  guns  and  armor.  * 

For  a  list  of  the  open-hearth  steel  makers  of  this  country  in  1884,  see 
Appendix,  p.  232.    The  casting  capacity  of  some  of  them  is  as  follows : 

The  Pennsylvania  Steel  Company  has  two  thirty-ton  furnaces,  capa- 
ble of  producing  4,000  tons  a  month.  Tbe  Cambria  Iron  Company  has 
three  Pernot  revolving  hearth  furnaces ;  the  product  of  the  two  sixteen- 
foot  furnaces  has  reached  25,000  tons  a  year.  The  Midvale  Steel  Com- 
pany has  three  furnaces,  in  which  35  tons  of  steel  can  be  melted  at  one 
time.  The  Bethlehem  Iron  Company  has  two  Pernot  furnaces,  each  of 
twenty  tons  capacity.  The  Otis  Iron  and  Steel  Company  has  a  yearly 
capacity  of  40,000  tons,  and  Park  Bros.  &  Co.  (limited),  of  Pittsburgh, 
of  20,000  tons. 

The  total  production  of  open -hearth  steel  in  this  country  in  1883  was 
133,680  short  tons,  but  in  1882  there  was  made  160,542  tons,  and  their 
present  estimated  capacity  is  550,000  net  tons  of  ingots  per  annum. 

The  production  and  characteristics  of  American  ores  are  compactly 
set  foilih  in  the  papers  and  diagrams  of  Messrs.  Powell,  Williams  & 
Swank,  in  the  appendix. 

IMPORTED  ORES. 

Foreign  ores  are  imported  in  considerable  quantities,  and  used  in  fur- 
naces within  easy  reach  of  tide-water.  This  is  partly  due  to  the  low 
prices  of  the  foreign  article  and  partly  to  the  smaller  percentage  of 
phosphorus  in  certain  imported  ores  which  are  mingled  with  native 
ores  containing  more  than  the  permissible  percentage. 

There  has  been  more  dependence  upon  foreign  sources  for  manganese 
and  the  spiegel  made  therewith,  which  are  indispensable  in  the  manu- 
facture of  steel,  but  owing  to  the  low  price  of  foreign  spiegel,  and  the 
fact  thaf  it  does  not  form  a  very  large  item  of  the  cost  of  steel,  enough 
attention  has  not  been  paid  to  the  development  of  manganesic  ores,  of 
which  the  country  has  a  sufficient  supply,  nor  to  the  manufacture  of 
spiegeleisen.  However,  the  homeproduction  of  the  latter  is  rapidly  in- 
creasing. 

SUMMARY  RELATING  TO  ORES  AND  STEEL  MAKX7FA0TURE. 

Referring  for  the  details  to  the  evidence  in  the  Appendix,  it  may  be 
summarily  said : 

1.  That  iron  ores  are  found  in  a  large  majority  of  the  States  and  Ter- 
ritories of  the  Union  accompanied  by  all  the  elements  necessary  for 
their  reduction.  In  some  localities  the  materials  are  so  closely  assem- 
bled that  the  cost  of  converting  them  into  steel  will  probably  be  less 
than  in  any  other  part  of  the  world. 

2.  That  the  present  state  of  steel  manufacture  in  the  country  enables 
us  to  produce  steel  in  abundant  quantities,  and  a  still  greater  produc* 
tion  would  answer  quickly  to  a  demand  many  times  greater  than  any 
that  the  national  Government  is  asked  to  make  or  needs  to  make. 
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But  it  tDtist  be  borne  in  mind  that  the  evidence  we  submit  shows  that 
DO  private  or  public  establishment  is  prepared  to  furnish  the  heavy 
masses  of  metal  needed  for  the  guns  that  are  accepted  by  other  nations 
as  the  best  t\  pes,  nor  for  the  shafting  and  the  heavy  armor  plates 
placed  on  the  latest  ships,  or  for  the  tnrrets  and  casemates  of  shore  de- 
fenses. Our  steel  makers  stand  ready  to  contract  to  furnish  all  such, 
however,  and  entertain  no  doubt  of  their  ability  to  reproduce  all  the 
latest  and  costliest  machinery  that  is  needed  to  manufacture  such  metal 
of  the  best  character.  They  lack  the  experience  that  is  needed  for  the 
immediate,  perfect  production  of  the  steel  best  adapted  for  heavy  guns 
and  armor,  but  the  extraordinary  ease  with  which  they  have  always 
learned  whatever  they  had  sufficient  commercial  inducement  to  learn, 
justifies  the  confidence  with  which  they  promise  to  supply,  in  quality 
as  well  as  in  quantity,  whatever  the  Government  shall  require. 

HAOHINBBY  IN  THE  NATY-YABDS. 

Your  committee  is  instructed  to  inquire  as  to  the  character  and  suffi- 
ciency of  machinery  in  the  navy-yards  for  constructing  guns,  engines, 
and  ships.  In  response  to  the  request  of  the  committee  Secretary 
Chandler  submitted  a  communication  (Appendix,  pp.  ^3-48)  in  which 
he  discusses  the  whole  subject,  liberally  quoting  fh)m  and  approving  the 
report  of  the  Oun  Foundry  Board  (pp.  34  et  seq.). 

Your  committee's  examination  and  iuquirv  discovered  in  the  different 
navy-yards  a  large  number  of  tools  adapted  to  the  building  of  engines 
and  boilers  of  the  largest  description,  but  many  of  them  are  old  and 
incapable  of  performing  economically  the  work  required  at  the  present 
time.  They  cannot  therefore  be  presented  as  constituting  the  adequate 
plants  intended  in  the  resolution,  although  they  are  large  and  expen- 
sive. 

We  give  extracts  (Appendix,  p.  133)  firom  thereportof  the  Commission 
onNavy-Yards,daiecl  December  1,1883,  and  contained  in  Senate  Ex.  Doc 
No.  55,  Forty-eighth  Congress,  first  session,  which  present  their  princi- 
pal recommendations  and  the  condition  and  capacity  of  the  plants  at  the 
various  navy-yards,  together  with  a  tabulated  statement  showing  the 
area,  cost  of  site,  and  improvements  of  each  navy-yard  and  station,  as 
wdl  as  the  present  value  of  site,  improvements,  machinery,  and  per- 
sonal property  of  each  June  30, 1882. 

It  will  be  seen  from  an  inspection  of  these  that  there  are  no  less  than 
seven  different  yards  over  which  expensive  tools  for  the  building  of  en- 
£^es  and  boilers  are  distributed,  while  but  one  has  plant  for  the  ^^fab- 
rication'' of  modem  heavy  ordnance,  and  none  of  them  has  a  suitable 
plant  for  the  mauufeu^ture  of  the  rough  parts  of  heavy  guns  or  for  the 
constructiou  of  steel  ships. 

In  consideration  of  which,  we  concur  in  the  recommendations  of  Sec- 
retary Chandler  and  the  Navy- Yard.  Commission  that  there  should  be  a 
concentration  of  the  plant  and  work  in  such  yard  or  yards  as  may  have 
the  best  facilities  for  the  repairs  of  engines. 

It  would  appear  that  more  economy  and  efficiency  would  be  obtained 
by  such  a  disposition  of  the  marine  engineering  machinery  of  at  least 
four  of  our  yards  as  would  make  the  renuU/ning  plants  of  construction, 
steam-enginery,  and  ordnance  more  useful.  For  example,  some  of  the 
marine-engine  plant  at  the  Washington  navy-yard  would  supplement  the 
gun-fiEMStory  plant  that  has  been  partially  developed  at  this  yard  for  fin- 
ishing and  assembling  heavy  steel  guns.  The  work  at  this  yard  should 
be  limited,  if  not  to  ordnance  adone,  certainly  to  ordnance  and  eqnip- 
8.  Bep.  90 ^n 


xvm 


ORDNANCE   AND  WAH   SHIPS. 


menty  and  all  other  work  should  be  tranBferred  to  New  YoA  or  such 
other  yard  as  may  be  selected  for  ooiystractioD  and  the  boUdhig  of  eo- 
gines  and  boQers,  unless  the  policy  of  giving  the  work  to  private  con- 
tractors should  be  adopted. 

The  Washington  navy-yard  contains  the  best  gun-&bricating  plant 
in  the  United  States,  and  was  selected  by  the  Onn-Foondry  Board  as  the 
best  adapted  for  the  establishment  of  a  naval  gun  factory.  A  number  of 
heavy  steel  guns  are  in  hand,  including  two  ten- inch  guns  weighing  54,000 
I>ounds  each.  These  guns  and  the  more  valaable  parts  of  the  plant  for 
finishing  them  are  specitied  in  the  note  to  page  136  of  the  Appendix. 

Our  extracts  from  the  report  of  the  Navy-Yard  Commission  of  1883 
show  that  while  the  Mare  Island,  Portsmouth,  Boston,  Brooklyn,  Wash- 
ington, Norfolk,  and  Pensacola  yards  have  the  facilities  for  building 
WMden  hulls,  only  one,  the  New  York  yard,  is  mentioned  as  having  even 
a  ^'fair"  plant  for  the  construction  of  hulls  of  metal. 

Your  committee,  being  instructed  to  extend  to  the  private  foundries 
and  machine-shops  its  inquiry  as  to  the  character  and  sufficiency  of 
machinery  and  machine-tools  for  the  construction  of  guns,  engines, 
and  iron  and  steel  ships,  throws  light  upon  the  subject,  so  far  as  guns 
are  concerned,  by  giving  the  following  statement  of  the 

OUBBENT  WORK  ON  HEAVY  QUNS. 

The  Ordnance  Department  of  the  Army  have  in  progress  of  manu- 
facture, in  accordance  with  the  provisions  of  the  act  of  iVlarch  3, 1883, 
the  following  heavy  gnns : 

One  12-iiich  cast-iron  B.  L.  rifle,  hooped  and  tabed  with  steel.  Bodj,  Soath  Boston 
Iron  CompaDy :  hoops,  Midvale  Steel  Company;  tnbe,  Whitworth  &,  Go. 

One  12-inch  B.  L.  rifle,  cast  iron  liued  with  wire- wrapped  steel  tube.  Body  to  be 
cast  by  South  Boston  Iron  Company ;  tube,  Whitworth  &.Co. ;  to  be  wire  wrapped  at 
Watertown  Arsenal. 

One  10-inch  B.  L.  rifle,  cast  iron,  wrapped  with  wire.  Body,  Sonth  Boaton  Iron 
Company ;  to  be  wire  wrapped  at  Watertown  Arsenal. 

One  10-inoh  B.  L.  rifle,  steel,  wrapped  with  wire.  Tube,  Whitworth  &^  Co. ;  roofh 
bored,  turned,  and  annealed  at  Washinffton  navy-rard ;  loneitndinal  bars  cold  rolled 
at  Jones  &.  Lauehlin's,  Pittsburgh,  and  annealed  at  Washington  navy-yaid;  to  be 
wire  wrapped  at  Watertown  ArsenaL 

One  8-inch  steel  B.L.  rifle.  Tube  and  Jacket,  Whitworth  &  Co.;  hoops,  Midyale 
Steel  Company ;  fabrication,  West  Point  Foundry  Association. 

One  set  of  forgings  for  ti-inch  steel  B.  L.  rifle.    Midvale  Steel  Company. 

One  lO-inch  B.  L.  rifle,  steel  hooped.  Tube,  jao&et,  and  trunnion-hoop,  Whitworth 
&.  Co. ;  hoops,  Cambria  Iron  Company. 

Fifty  couTcrted  8-inoh  muzzle -loading  rifles  from  10-inch  smooth-bore  guns.  Steel 
tubes,  MidTale  Steel  Company  j  conveiiion,  West  Point  Foundry  Association. 

One  steer  siege  5-inch  B.  L.  rifle.  Forgings,  Midvale  Steel  Company;  fabrioatlDn, 
Watertown  Arsenal. 

The  Ordnance  Department  of  the  Navy  have  made  no  conversions  of 
the  Dahlgren  11-inch  smooth-bores  to  8-inch  muzzle-loading  rifles  since 
January,  1880.  All  of  the  gnns  under  fabrication  at  the  Washington 
navy-yard  and  by  contract  are  modem,  all  steel,  high-power  rifles. 

Kavy-j/ard,  WoBkingUm,  D.  C. 
[Kind :  &  L.  tteel  xlfles.] 
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All  of  the  roagh  boring  and  toming  for  these  gons  was  done  at  the 
Washington  navy-yard. 

By  contract. 

[Kind:  K L. steel riflM.] 
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It  will  be  noticed  that  all  the  heavy  parts  of  the  large  steel  gons  are 
snpplied  by  English  makers.  No  navy-yard  and  no  private  establish- 
ment in  the  country  has  the  plant  for  forging  all  the  parts  of  a  steel 
gon  above  the  caliber  of  six  inches.  It  should  be  observed  that  tiie 
term  ^^fabrication"  is  usoally  technicaUy  applied  only  to  the  final  fine 
boring,  rifling,  turning,  and  putting  together,  or  ^^  assembling."  An  ex- 
ception should  be  made  in  favor  of  the  enterprising  Midvale  Steel  Com- 
pany, which  is  making  a  set  of  forgings  for  an  eight-inch  breech-loading 
rifle. 

XABINB  HN0INBS. 

As  to  the  facilities  for  the  manufacture  of  marine  engines  in  private 
shops,  there  is  no  lack  of  them,  for  while  our  steamships  engaged  in 
foreign  trade  are  comparatively  few,  the  total  number  of  our  steam  ves- 
sels is  6,399,  with  an  aggregate  tonnage  of  1,494,916  tons.  Among  their 
engines  are  many  unsurpassed  in  their  classes. 

SHIP-BTJILDINa. 

Hie  evidence  submitted  herewith  also  shows  that  iron  and  steel  ships 
of  war  can  be  built  in  tbe  United  States.  Builders  of  extensive  and 
successful  experience  stand  ready  to  contract  to  build  as  fast  as  the 
Government  is  likely  to  order.  It  must  be  understood  that  we  except 
the  heavy  armor  and  shafting,  which  cannot  at  present  be  forged  in  the 
United  States. 

It  should  also  be  said  that  the  latest  vessels  of  the  best  ^pes  built  by 
foreign  nations,  especially  those  heavily  armored  and  carrying  guns  up  to 
the  weight  of  110  tons,  are  the  results  of  many  costly  experiments,  and 
in  their  special  features  require  a  certain  skill  and  knowledge  which 
our  builders  have  had  no  opportunity  of  acquiring.  In  like  manner  it 
should  be  noted  that  for  twenty  years  our  engines  have  mostiy  been  built 
for  the  peaceful  purposes  of  commerce.  In  that  work,  while  great  speed 
has  sometimes  been  sought  and  obtained,  the  problem  before  the  builder 
differed  widely  from  that  set  before  the  constructor  of  engines  for  ships 
of  war,  who  has  been  i*eqnired  to  exhaust  genius  in  giving  them  gigan- 
tic power  with  reduced  weight,  and  placing  them  as  fi^r  as  possible  out 
of  harm's  way. 

Weighted  by  these  conditions,  and  stimulated  by  fierce  competition 
and  generous  rewards  for  success,  foreign  builders  have  rapidly  per- 
fected their  work  and  are  struggling  close  to  twenty  knots  an  hour, 
while  their  merchant  ships,  devoted  to  the  freighting  of  goods  alone, 
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find  that  their  most  profitable  rates  of  speed  raDgc  between  ten  and 
thirteen  knots.  Nevertheless,  the  history  of  onr  Navy  in  the  days 
when  patriotism  demanded  exertion  to  have  a  navy,  shows  that  the 
ships  of  the  United  States  were  in  the  first  rank.  They  can  be  placed 
there  again  when  the  nation  demands  it. 

LOOATIONS  FOR  MANUPAOTURING  AND  BUILDING. 

Onr  next  inquiry  relates  to  the  best  locations  for  manufacturing  or 
building  guns,  engines,  armor,  and  iron  or  steel  ships,  and  the  best 
methods  of  such  production,  whether  by  the  Government  or  by  contract 
with  private  persons. 

We  may  briefly  dispose  of  the  question  as  to  ships.  The  war  ships  of 
the  future  will  be  built  of  steel,  save  that  gunboats  and  partiallypro- 
tected  sloops,  mostly  of  moderate  tonnage,  may  be  composite,  or  con- 
structed of  steel  fhkmes  planked  with  wood. 

Some  of  these  vessels  may  be  built  in  our  navy-yards,  after  a  com- 
paratively moderate  expenditure  for  improvements  of  the  plant.  The 
evidence  before  us  shows  that  ships  built  in  Government  yards  invaria- 
bly cost  more  than  private  parties  would  ask  for  them,  and  some  of  the 
causes  of  this  difference  are  not  likely  to  be  eliminated.  For  tiie  ves- 
sels built  in  Dftvy-yards  the  steel  frames  and  all  other  metallic  parts 
would  be  necessarily  furnished  by  private  manufacturers.  But  the 
laraer  number  of  vessels  could  best  be  obtained  of  private  builders. 

&e  vital  importance  of  protecting  the  Pacific  coast  must  not  be  over- 
looked. The  Mare  Island  navy -yard  has  a  very  large  and  excellent  dry- 
dock,  well  advanced  towards  completion.  It  should  also  have  full  and 
modem  fSftcilities  for  extensive  repairs.  It  would  be  wise  to  put  the 
yard  into  condition  also  to  build  certain  classes  of  ships. 

ENaLISH  EXPEBIENOE. 

The  British  Government  has  lately  reviewed  its  policy  in  ship-build- 
ing by  the  help  of  a  <<  committee  on  the  building  aud  repairing  of  sbips,^ 
whose  report  was  submitted  to  parliament  in  October,  1884.  The  com- 
mittee was  instructed  to  inquire  into  '4he  conditions  under  which  con- 
tracts are  invited  for  the  building  of  ships  aud  their  engines,  the  selec- 
tion of  firms,  relative  cost  of  government  and  private  work,  and  the 
mode  in  which  repairs  are  effected  in  dock-yards.''  The  policy  of  build- 
ing most  of  their  ships  by  contract  was  amply  sustained  by  the  volum- 
inous evidence,  but  the  committee  held  that  the  efficiency  of  the  dock- 
yards should  not  be  reduced,  and  that  all  repairs  should  be  made  therein. 
We  give  very  nearly  the  whole  report  in  the  Appendix,  p.  49.  As 
farther  throwing  light  upon  the  subject,  we  give  examples  of  the  speci- 
fications and  forms  of  contracts  used  by  the  British  Admiralty  and  a 
contractor's  specifications  for  a  ship  built  for  a  foreign  government,  pp. 
66-102. 

In  the  Appendix  (page  103)  may  be  found  an  official  '<  return  respecting 
the  ships  built  and  building  for  the  British  navy,  1880  to  1885,"  in- 
cluding a  statement  of  some  vessels  proposed  for  1885-'86.  The  details 
concerning  armor,  guns,  engines,  horse-power,  tonnage,  speed,  and  cost 
a  re  instructive.  (See  also  pp.  104-118.)  The  extent  to  which  the  Board 
of  Admiralty  contracts  with  private  parties  may  be  seen.  A  consid- 
erable number  of  vessels  are  constructed  in  the  dock-yards,  but  all  the 
iron  and  steel  parts,  armor  included,  are  supplied  in  shapes  by  private 
shops. 
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It  will  be  iiotice<l  tbat  every  engine,  witboat  exception,  comes  from 
private  contractors.  This  has  long  been  the  English  practice  and  the 
influence  of  extreme  demands  from  the  Admiralty,  vigorous  competition 
and  the  lifelong  labors  of  mechanics  of  genius  have  secured  unsurpassed 
results.  (See  Appendix,  p.  15.)  The  locations  for  building  ships  would 
be  i)artly  in  the  navy-yards,  but  chiefly  in  private  establishments.  En- 
gines 6hould  be  built  by  the  private  contractors  who  can  give  the  best  re- 
sults. 

PRESENT  ARMAMENT  OF  THE  ARMY  AND  NAVY. 

In  considering  the  best  locations  for  manufacturing  guns  and  armor, 
and  the  choice  between  Government  and  private  work,  it  is  well  to  see 
first  what  we  have  and  what  the  future  supply  ought  to  be. 

The  Army  has  in  forts  and  arsenals : 

Smooth-bores : 

20-inch  caliber 2 

15-inch  caliber .'...-  *.-vw* 308 

lO-inch  caUber ^. •.,.;. -..-■. .•.....*>•. 998 

8-uich  caliber </. i\ 210 

;'  "  .  1,518 

Parrott  rifles :  \ 

10-inch  caliber,  300  ponnders \ ,../:Il..    38 

S-inch  calil>er,  200  pounders \..,. , "/J--     ^^ 

6. 4-inch  caliber,  lOOpoauders .V^ .«.«...:,-..>.;. r  j^v^.-.  173 

■    J^       292 


Converted  from  10-inch  smooth-bores  to  8-inch  riflesTTr. . ," . r . .-TTT. 160 

Ditto  ander  contract  for  conversion 50 

210 

Smooth-bore  mortars 45 

2,065 

These  are  all  muzzle-loaders.  The  nine  classes  require  ^thirty-three 
kinds  of  ammunition.  They  are  totally  inadequate  to  the  defense  of 
our  most  important  harbors.  They  may  be  utilized  in  the  protection  of 
harbors  admitting  only  vessels  of  light  armor  and  draught,  and  even  there 
they  should  usually  be  supplemented  by  the  modern  breech-loading 
Hteel  rifle,  with  its  more  rapid  and  efficient  fire. 

The  number  of  serviceable  naval  great  guns  is: 

Smooth-bores : 

20-inch  caliber 3 

15-inch  caliber 76 

11-inch  caliber 357 

10-inch  caliber,  Hbe]l •. 12 

10-inch  caliber,  shot 21 

9-inch  caliber 1,011 

8-inch  caliber,  6,500  pounds 346 

32- ponnders.  4,500  pounds 378 

2,204 

Parrott  muzzle-loadiug  rifles: 

150-pounders 28 

100-pounders  267 

60-ponnders  75 

30-ponnders  :f75 

20-pounders J845 

Dahlgren  mnzzle-loadinff  rifles,  converted  from  11  inch  to  8  inch 50 

1,040 

Parrott  breech-loading  rifles : 

80-pounders 9 

60>poauders 27 

SO-poonders 5 

3,2S5 
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To  these  must  be  added  10},  10, 8, 6,  and  5  inch  breech-loading,  hwltr 
np,  forged-Bteel  rifles  of  the  latest  type  for  the  monitors  and  new  cruis- 
ers, as  follows: 

Steel  breech-loading  riflea : 

5-inch  caliber 2 

6-inch  caliber 21 

8-inch  caliber j 8 

10-inch  caliber 2 

lO^inoh  caliber 1 

34 

Ten  of  these  are  finished^  and  it  is  promised  that  the  remainder  shall 
be  ready  in  May  of  this  year.  The  twenty-two  classes  require  thirty 
kinds  of  ammunition.  All  save  the  modern  steel  rifles  ordered  for  the 
monitors  and  cmisers  areof  classes  whose  manufacture  is  abandoned  by 
the  nations  which  have  devoted  themselves  to  perfecting  cannon. 

PBOGBESS  IN  OBDNANOB. 

In  every  detail  the  advance  of  the  last  twenty-five  years  has  been 
wonderful.  The  adoption  of  slow-burning  powders,  producing  greater 
force  with  reduced  strain,  necessitated  longer  guns,  whose  use  was 
made  possible  by  breech-loading  mechanism,  bringing  with  it  an  in- 
creased rapidity  and  safety  of  loading.  'Ihe  attempts  to  make  long 
rifles  of  cast  iron,  or  of  iron  and  steel,  have  been  abandoned  (and  the 
value  of  wire-wound  guns  is  still  a  question),  since  open-hearth  steel 
and  hydraulic  forges  have  made  comparatively  easy  the  forging  of 
75-ton  ingots  of  homogeneous  steel,  exhibiting  the  highest  qualities  re- 
quired for  guns. 

The  marvelous  work  of  hydraulic  forgingpresses  is  described  in  the 
Appendix,  pp.  23,  24.  In  the  same  article  may  be  found  a  sketch  of  the 
process  of  liquid  compression,  aa  practiced  by  Sir  Joseph  Whitworth. 
Whatever  the  real  nature  of  this  work,  it  is  true  that  the  ingots  of  steel 
produced  thereby  are  superior  to  ingots  of  equal  size  obtained  by  any 
other  process. 

The  culminating  result  of  the  last  twenty  years  of  scientific  exi)eri- 
ment  may  be  judged  by  the  accompanying  table,  whose  statistics  arc 
of  the  latest  date,  obtained  for  the  committee  from  the  highest  author- 
ities: 
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Several  smaller  calibers  oommon  to  all  the  nations  mentioned  are 
omitted  in  the  foreign  statements.  With  two  exceptions,  which  we  re- 
gard as  still  experimental,  all  these  guns  are  of  one  type,  the  long, 
forged  steel,  jacketed  and  hooped,  breech-loading  rifle. 

!niis  may  be  deacribed  in  general  terms,  as  follows  (see  page  137):  The 
first  and  chief  piece  is  a  chambered  tube ;  the  second  is  a  jacket  ex- 
tending from  the  breech,  about  one-third  of  the  length  of  the  tube,  to  a 
point  at  or  just  in  advance  of  the  trunnions;  the  remaining  pieces  are 
hoops  judiciously  arranged  to  resist  transverse  strain.  The  trunnion 
hoop  is  usually  screwed  into  its  position.  The  jacket  and  hooi>s  are 
finished  with  extreme  nicety  and  shrunk  on.  An  ^interrupted screw" 
(page  10)  closes  the  breech,  engaging  in  the  jacket.  (In  this  the  German 
guns — Erupp's — are  an  exception,  closing  by  a  wedge-shaped  block 
pushed  through  a  slot  and  screwed  into  position.) 

Plate  13  gives  a  view  of  the  exterior  appearance  and  a  half  section  of 
the  English  110-ton  gun,  the  largest  ever  finished. 

The  weights  of  the  parts  of  heavy  steel  ordnance  are  approximately 
given  in  the  following  table  of  estimates  for  guns  intended  Ibr  (H>ast 
defense: 

WEIGHTS  or  INGOTS,  FORGING8,  AND  FINISHED  GUNS. 


[Aathority.  C»pt.  C. 

S.  Smith.  United  States  Aimy.  i 

CaUber 
ofgim. 

Weight  of 
Ingot. 

GroM 

weight  of 

heaviest 

forgtug. 

1 
Finished  ,  w«d<Tht 

1 

Kemarks. 

Jnehet. 

6 
8 
10 
12 

10 

Ton$, 
8.1 

14 

25 

40 
5*76 

Jm.5 

Tons, 

1.7 

7.M 

18.60 

23.75 

1       •4«.17 

Toiw. 
1.6 
4.07 
7.75 
18.22 

"22.92 

2Vms. 
4.9 
12.7 
28. 
48.2 

121.7 

TulMsheavlestpMt 

Do" 
Do. 

*Tube. 


tJaeket. 


WHAT  GUNS  SHALL  THB  UNITED  STATES  BUILD  f 

The  ^^Ajrmament  Board"  of  Army  ofScers  (see  Sen.  Ex.  Doc.  So.  5, 
Forty-eighth  Gong.,  second  session)  in  its  report  of  December  5, 1884, 
being  required  to  determine  the  character  and  number  of  guns  required 
for  fortifications  and  other  works  of  defense,  said : 

The  Board  interpreted  the  act  of  Congrefls  under  which  it  was  appointed  to  refer 
only  to  mortars  and  ffons  of  high  power  for  the  defense  of  our  harbors  against  for- 
eign armor-clad  vesselsi  and  in  their  investigation  have  not  taken  into  consideration 
the  lighter  ffuns  required  for  the  flank  defense  of  permanent  works. 

The  J3oara  first  directed  its  attention  to  the  depth  of  water  in  the  channels  leading 
to  all  of  onr  seaports,  and  then  ascertained  the  nnmher  of  and  thickness  (Xf  armor  of  the 
known  iron-clads  of  the  world  which  coold  enter  their  harbors. 

The*powers  of  the  gone  necessary  to  penetrate  these  armors  were  then  calculated 
and  the  nambers  of  gang  considered  essential  for  a  proper  defense  of  the  harbors  was 
decided  upon.  In  that  determination  the  Board  was  gaided  by  a  list  of  gnns  and 
mortars  which  had  been  prepared  by  the  Board  of  Engineers  for  Fortifications  after 
careful  study  of  the  snbiect. 

The  decision  in  regard  to  the  calibers,  lengths  of  bore,  and  weights  of  gnns  and  pro- 
jectiles was  made  from  an  examination  of  tue  most  powerful  and  approved  typ<»  of 
modem  guns  known  in  this  country  and  In  Earope.  The  weights  of  these  guns  and 
of  their  steel  armor -piereing  projectiles  being  aefinitely  known^  they  are  not  given 
between  limilv. 
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The  following  tabJM  give,  as  far  m  it  can  b«  ascertained,  the  infoniation  which  the 
Board  ie  caliad  upon  to  fnmish : 

Table  I. 


GUiber. 

Number 

OfMUdi 

oaUber. 

Length  of— 

Weichtof 
gun. 

Weiftht  of 
pn^ectiie. 

obarge. 

Bote. 

eon. 

JnekM. 
t 

125 
226 
806 
50 
612 

30 
80 

82L06 

81.74 

9 

A0t 

20 
26 

82.06 
41.67 
0 

21.6 

26.875 
86.11 
46.93 
10.88 

Tom. 
18 
26 
48 

107.77 
18.06 

Potmdir. 
286 

675 

894 

1,631.4 

610 

Pounds. 
100 

10 

226 

12 

456 

ic 

650.4 

12"  mortar 

52 

Tabia  U. 


Caliber. 

Moaale. 

1,060 
yarda. 

2,000 
yarda. 

8.000 
yards. 

4.000     1     6,000 
yarda.    j    yarda. 

6,000 
yanls. 

7.000 
yarda. 

s.. 

Intkm. 

1,800 
1,900 
1^868 
1,966 

l,«8t 
1,767.7 
1,781.2 
1,865 

1.488 
l,6a2 
1,641 
1,750 

1,860 
1,628L8 
l,50a6 
1.641 

1,280 
1,410.9 
1,405.1 
1,636.9 

1,129 
1,80&5 
1,810.2 
1,437.1 

1,040 
1.217.6 
1,225.5 
1,844.5 

996' 

10 

1,13&6 

u 

1, 150. 9 

16 

1, 2f  0. 6 

Tablb  III. 


CaUber. 

PenetrailOB  of  wnmgbt  iron  in  inohea  at- 

Masde. 

1,0M 
yarda. 

2,0M 
yarda. 

8,000 

yarda* 

yarda. 

6.000 
yards. 

6.000 
yards. 

7.000 
yarda. 

8.. 

Inehso. 

1&48 
21.08 
24.24 

80.49 

14.97 
2a  88 
22.68 
2a  96 

18.63 
1&96 
21.21 
26.96 

12.40 
17.61 
19.81 
25.20 

1L81 
1&83 
18.47 
23.71 

10.89 
15.16 
17.25 
22.20 

9.67 
14.13 
16.15 
20.74 

9.19 

10 

18.28 

f% 

15.18 

16 

10.62 

TheOun  Foundry  Board  (Sen.  Ex.Doo.No.  13,Forty-eighth  Congress, 
second  session,  supplementary  report  of  December  20, 1884,  included), 
composed  of  Army  and  Navy  officers,  was  appointed  under  the  act  of 
March  3, 1883,  to  designate  a  navy-yard  or  arsenal  for  a  Government 
gun  foundry,  to  advise  as  to  the  method  of  manufacturing  heavy 
ordnance  adapted  to  modem  warfare,  and  to  estimate  the  cost  of  baild- 
ings  and  implements  for  making  the  heaviest  guns.  The  Board  visited 
the  chief  foreign  gun  foundries,  Krupp's  excepted.  Their  report  is  ex* 
ceedingly  instructive.  Though  they  were  not  required  to  decide  upon 
types  of  guns,  their  report  assumes  that  we  are  to  baild  only  the  x^lass 
we  recommend. 

The  Fortifications  Board  (Senate  Ex.  Doc.  No.  43,  Forty-ninth  Oon- 
gress,  first  session),  composed  of  four  Army  officers,  two  Navy  officers, 
and  two  eminent  manufacturers,  presided  over  by  the  Secretary  of  War, 
appointed  to  name  the  ports  most  urgently  needing  fortification,  ana 
the  kind  of  defenses  best  adapted  to  each,  with  reference  to  armament, 
has  jn8t  submitted  an  elaborate  report,  emphatically  recommending  the 
l>mltrapf  forged  steel  |;un^ 
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The  argament  based  upon  tbe  alleged  ecoDomy  of  the  cast-iron  heavy- 
rifle  has  been  steadily  losing  force  by  reason  of  the  constant  cheapening 
of  the  processes  of  making  gnn-steel  and  the  increasing  ease  of  forging 
it  in  large  masses. 

When  a  comparison  is  made  between  two  gnns  giving  an  equal  energy, 
it  is  found  that  the  steel  gnn  weighs  but  little  more  than  half  its  com- 
petitor, and  costs  but  little  more.  Such  are  the  manifest  uncertainties 
and  weaknesses  of  the  cast-iron  gun  that  the  argument  may  be  consid- 
ered closed.  This  is  the  emphatic  judgment  of  Europe,  and  in  accept- 
ing that  judgment  this  committee  concurs  with  our  own  officers  and 
experts. 

HATBRIAL  FOR  ARMOR. 

The  long  debate  over  the  question  whether  iron  or  steel  should  be 
used  lor  turrets,  casemates,  and  other  shore  defenses,  and  for  the  armor 
of  ships  is  still  maintained  :  but  that  also,  it  seems  to  your  committee, 
to  be  nearly  at  an  end.  The  great  advantage  of  steel,  in  giving  an 
equal  resistance  with  a  much  less  weight,  decides  the  question  in  its 
favor  as  to  all  uses  on  board  ship,  where  weight  is  a  governing  consid- 
eration.   But  for  defenses  on  land  wrought  iron  still  has  its  advocates. 

Speaking  of  such  defenses,  the  Fortifications  Board  says : 

The  materialt)  used  in  constraction  for  the  armor  might  either  be  iron  or  steel,  al- 
though the  latest  experiments  indicate  the  superiority  of  forged  steel  plates.  While 
the  board  is  of  opinion  that  forged  steel  plates  should  be  used,  it  also  reoommenda 
that  immediate  experiments  be  undertaken  to  determine  the  most  suitable  armor  for 
turrets  and  casemates. 

Experiments  of  the  character  indicated  would  require  much  tio(ie  and 
money.  We  have  not  the  guns  nor  the  armor,  and  must  either  pur- 
chase or  make  them,  either  of  which  courses  would  involve  a  long  deiav. 
Concurring  in  the  opinion  of  the  Board  that '' forged  steel  plate  should 
be  used,"  we  believe  that  the  manufacture  thereofshould  be  commenced, 
postponing  the  experiments  until  they  could  be  made  with  guns  and 
armor  of  our  own  manufacture,  if,  at  that  time,  the  question  should  not 
be  settled. 

Although  wrought  iron  is  still  used  in  England  for  forts,  steel  pos- 
sesses many  acknowledged  advantages.  It  is  somewhat  more  costly  per 
pound,  but  its  power  of  resistance  is  so  much  greaterthan  that  of  wrought 
iron  that  the  plate-npon-plate  system  that  will  have  to  be  adopted  to  get 
the  required  thickness  with  tbe  latter,  tbe  increased  length  and  cost  of 
bolts,  the  enormous  cost  of  fitting  the  plates  accurately  to  each  other 
(which  is  very  essential),  the  impossibility  of  doing  so  when  the  plates 
are  curved,  and  the  increased  cost  of  transportation  tell  heavily  against 
the  wrought  iron,  and  will  increase  the  cost  of  wrought  iron  protection 
to  more  than  that  of  the  steel  plate  of  an  equal  power  of  resistance. 

As  to  compound  armor  (wrought  iron  and  steel),  it  is  so  much  more 
expensive  than  steel,  and  tbe  welding  is  so  imperfect  because  the  rolling 
has  a  tearing  rather  than  welding  effect  (as  the  two  materials  being  di^ 
ferently  affected  by  the  work  of  the  rolls),  that  these  reasons  would  de- 
cide the  question  in  favor  of  steel,  oven  if  the  latest  competitive  triahi 
had  not  shown  the  latter  the  victor. 

We  must  conclude,  therefore,  that  the  great  cost  of  compound  armor, 
and  of  sandwiching  and  accurately  fitting  wrought  iron,  added  to  their 
inferior  resisting  power  and  greater  weight  and  space  occupied,  clearly 
demonstrates  that  steel  is  the  proper  material  for  the  armor  of  ships  and 
fortifications.  For  further  discussions  of  the  question,  including  the 
use  of  the  Gruson  chilled  cast-iron  armor  on  shore,  see  Appendix, 
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pp.  193-212.  Seo  also  pp.  24-29  for  an  illustrated  account  of  the  latest 
comparative  tests  at  Spezia,  where  the  solid  steel  plate  won  a  brilliant 
victory  over  the  compound  plate. 

TORPEDOES. 

In  considering  the  proper  armament  of  ships  and  of  coast  defenses 
the  torpedo  cannot  be  overlooked.  The  papers  of  LientGommauder 
Barber  and  Lieutenant  Jaques  (Appendix,  pp.  147-174)  give  the  late 
history  of  this  weapon.  The  torpedo  board,  created  in  1883,  found  it- 
self unable  to  select  a  type  from  the  four  movable  torpedoes  presented 
to  it,  but  was  of  opinion  that  the  Howell  tori)edo  (Plate  21)  alone  ap- 
peared to  justify  an  expenditure  for  further  experiment.  Abroad,  the 
Whitehead  torpedo  (Plate  8)  is  a  commercial  success.  It  has  been 
adopted  by  all  the  leading  nations  except  the  United  States. 

Concerning  another  class  of  torpedoes,  ^<  fixed,''  or  <<  anchored,"  or 
^^  planted,"  technically  known  as  submarine  mines,  there  is  a  great  popu- 
lar misapprehension.  Their  value  is  greatly  overestimated.  Their  limi- 
tations and  indispensable  auxiliaries  are  set  forth  by  Lieut.  Col.  H. 
L.  Abbot,  of  the  Engineer  Corps.  (Appendix,  p.  145.)  They  require 
picked  and  trained  men  for  their  management,  electrical  apparatus  for 
their  discharge  and  for  lighting  up  the  approaches,  stations  on  shore 
secure  against  sudden  assault,  a  flanking  fire  of  canister  and  case  shot, 
and  of  machine  guns  (themselves  protected),  light-draught  picket-boats, 
and  the  overshadowing  protection  of  armored  forts  and  heavy  guns. 
None  of  these  things  can  be  extemporized.  The  submarine  mine  alone 
is  of  little  use,  and  it  must  accompany,  not  precede  more  costly  and  less 
easily  prepared  means  of  defense. 

THE  LATEST  TYPES  OF  SHIPS  A.KD  THEIR   AKMATVTKNT: 

To  assist  in  a  proper  understanding  of  the  problem  of  building  ships 
and  providing  them,  as  well  as  sea-coast  defenses,  with  proper  arma- 
nient,  your  committee  has  collected  and  presented  in  the  Appendix  il- 
lustrations and  description)^  of  tl^e  lat-est  type  of  barbette  (Plate  6)  and 
turret  (Plate  7)  ships,  protected  cruisers  (Plate  10),  and  sea-going  tor- 
I)cdo-boats  (Plates  24,  25,  and  26);  the  gun-carriages  and  shields  (Plate 
2)  largely  adopted  in  Europe ;  the  heaviest  forged  steel  shafting,  that 
for  the  City  of  Bome  (Plate  11),  and  that  for  the  side-wheel  steamer 
Ireland  (Plate  12),  which  has  been  manufactured,  and  the  most  powerful 
gun  (Plate  13)  yet  finished ;  rapid-firing  guns  (Plates  4  and  5)  for  the 
armament  of  dispatch  and  torpedo  boats,  and  the  secondary  batteries 
of  other  vessels;  the  most  efiicient  torpedoes  (Plates  8  and  21),  with 
their  guns  (Plates  8  and  9)  and  launching  apparatus  (Plate  23);  and  the 
most  advanced  experiment  in  submarine  artillery  (Plate  27).  The  illus- 
trations are  published  by  permission  obtained,  m  most  cases,  from  for- 
eign authorities;  in  other  cases,  from  American  authors  who  have  been 
authorized  to  make  them  public. 

BEST  METHODS  OP  MANTTPACTUBINiG^  GUNS  AND  ABMOS. 

We  have  already  indicated  the  best  methods  of  building  engines  and 
ships.  There  are  three  ways  of  building  heavy  guns  and  forging  armor. 
One  is  in  works  built  and  conducted  by  the  Government;  the  second,  in 
works  subsidized  by  Oovemment  loans— a  virtual  partnership;  the 
third  is  partly  by  the  Government  works  and  partly  by  private  persons. 
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Oar  report  and  Appendix  show  the  nature  of  the  task  of  boilding  gans. 
To  completely  make  the  modem  weapons  wonld  require  of  any  of  our 
largest  steel-makers,  some  of  whom  have  open-hearth  furnaces  large 
enough,  or  nearly  so,  for  the  heaviest  castings,  an  additional  invest- 
ment of  not  less  than  two  millions.  Probably  a  responsible  and  able 
establishment,  if  it  were  induced  by  long  and  large  contracts,  would 
invest  more  than  that  in  order  to  conduct  its  work  to  its  own  entire 
satisfaction.  It  is  not  probable  that  Congress  will  be  disposed  to  offer 
contracts  that  would  justify  private  works  in  making  so  large  an  ex- 
penditure. 

Were  the  Government  to  undertake  the  full  manufacture,  its  neces- 
sary additional  plant  would  cost  fully  as  much,  probably  considerably 
more.  Its  ofScers  are  not  trained  in  the  practical  work  of  making  the 
steel  or  forging  it  in  great  masses. 

The  experiment  of  a  Government  advance  of  money  for  the  plant  to 
private  parties,  and  conducting  Uie  work  by  a  virtual  partnership,  has 
been  tried  by  Kussia  and  England.  In  the  former  country  the  Govern- 
ment bought  up  nearly  all  the  private  shares,  and  the  manufactory  has 
practically  become  Government  property.  In  England,  after  paying 
high  prices  for  several  years  to  the  Elswick  Ordnance  Company,  the 
Government  paid  $326,000  to  be  relieved  from  its  obligations,  and  the 
concern  has  been  absorbed  into  the  great  establishment  of  Sir  William 
G.  Armstrong,  Mitchell  &  Go.  (limited),  at  Newcastle-on-Tyne.  It  is 
not  likely  the  experiment  will  be  repeated. 

But  it  is  entirely  practicable  to  divide  the  work.  Men  of  large  ex- 
perience in  steel-making,  and  commanding  abundant  capital,  are  ready 
to  undertake  to  cast,  forge,  and  deliver  to  the  Government  the  rough, 
parts  of  steel  guns,  adopting  the  best  known  processes  of  producing  the 
suitable  steel,  proved  at  every  step  by  severe  tests,  and  forged  by  the 
hydraulic  process.  The  additional  plant  for  this  share  of  the  work 
would  cost  nearly  a  million.  The  remaining  work  of  fine  boring,  turn- 
ing, and  fitting  is  machine  work  that  requires  skill  certainly,  but  it  can 
be  well  done  in  Government  shops  under  the  supervision  of  our  own 
officers. 

The  preliminary  heavy  investments  would  thus  be  divided  nearly 
equally.  There  would  be  but  half  the  rislc  to  the  private  maker,  and 
the  number  of  firms  or  corporations  eager  to  bid  would  be  largely  in- 
creased. In  the  course  of  a  few  years  it  is  quite  certain  that  the  private 
makers  would  be  disposed  to  enlarge  their  works  and  build  the  complete 
gun,  when  the  Government  could  either  dispose  of  its  plant  or  hold  it  in 
reserve  as  a  powerful  check  or  for  experimental  work. 

The  private  citizens  who  have  conferred  with  us  and  the  other  boards 
andcommissionssubmitsomeconsiderations  which  weapprove.  They  in- 
vite constant,  intelligent,  sensible,  and  sharp  inspection,  and  the  closest 
tests  of  steel  at  eveiy  step.  They  all  concur  in  saying  that  they  desire 
payments  only  upon  the  delivery  of  their  products  fairly  adjudged  to  be 
thoroughly  up  to  the  requirements.  They  fiirthersay  whoever  is  charged 
with  awarding  contracts  should  not  be  required  to  award  to  the  lowest 
bidder,  should  consider  only  proposals  coming  fix>m  men  of  great  ex- 
perience and  abundant  capital,  and  should  be  at  liberty  to  reject  any  and 
all  proposals.  Somebody  must  be  trusted  with  power  and  discretion 
and  held  to  the  resulting  responsibility. 

-  The  manufacture  of  armor  must  be  intrusted  wholly  to  private  persons. 
It  can  best  be  finished  where  it  is  forged. 

Tour  committee  was  inclined  to  say  that  one  Gtovernment  finishing 
shop  or  '<  gun  factory  ^  should  be  sufficiept  at  the  beginning,  but  if  ouir 
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coast  defenses  are  to  be  put  into  tbe  condition  demanded  by  tbe  pres- 
ent state  of  the  arts  of  warfare  they  must  be  substantially  entirely  re- 
newedy  and  our  new  Navy  must  be  in  like  manner  almost  wholly  a  new 
creation.    The  task  is  not  a  light  one. 

Oar  present  national  resources  are  such  that  the  burden  of  doing 
what  the  best  military  science  and  judgment  recommend  is  far  less  pro- 
portionately than  what  the  country  fr^y  did  when  its  coast  defenses 
and  its  Navy  and  their  armament  were  among  the  very  best  in  the  world. 
We  believe  that  in  order  to  produce  guns  with  a  reasonable  degree  of 
rapidity  two  Government  gun  factories  would  be  profitably  employed, 
and  would  be  absolutely  needed. 

The  Gun  Foundry  Board  says: 

Apprweimate  cost  of  plant  for  producing  the  tempered  part$  of  gune  i^  to  100  torn,  ready 

for  deUvery  at  gun  factories. 

Caeting $250,000 

ForgiDg  (hydraulic  prew) 150,000 

RoQghlMiniig  and  taming 210,000 

Tempering 50.000 

060,000 
Additional  cost  if  liqaid  compieasion  be  adopted 175,000 

Total •835,000 

Approximate  cost  of  plant  for  each  gun  factory, 

Gnna  np  to  e-ineh  caliber $50^000 

Gnna  from  6-inch  to  12-inch  caliber '  150,000 

Guns  from  12-inoh  to  16-inch  caliber 350,000 

Buildings  and  ahrinking  pit 350,000 

Total !...  "OOO.OOO 

*  Based  npon  estimatos  abroad  and  do  not  Indnde  ocean  freight  and  cnntoma  duee. 

LOOATIONB. 

The  best  locations  for  the  gun  factories  are  the  Washington  navy- 
yard  and  the  Watervliet  Arsenal.  The  former  has  already  a  plant  that 
has  been  employed  in  the  finishing  work  upon  twenty-one  mcxiem  steel 
guns,  of  calibers  ranging  from  5  to  10}  inches,  most  of  which  are  fin- 
ished.   Tbe  site  is  naturally  secure  ttom  an  attack  by  a  foreign  fieet 

The  Watervliet  Arsenal  has  109  acres  of  ground,  with  1,600  feet  of 
water  front.  Both  locations  have  excellent  railroad  and  water  commu- 
nications with  the  regions  likely  to  supply  the  rough  material  and  with 
the  places  where  the  products  will  be  needed.  Both  are  away  from  the 
disturbing  influences  of  great  centers  of  population,  and  each  has  a 
salubrious  climate.  Each  place  is  easily  defensible  against  a  foreign 
enemy. 

For  valuable  evidence  and  lurguments  relating  to  the  matters  just  dis- 
cussed we  refer  especially  to  our  extracts  from  the  report  of  the  Gun 
Foundry  Board,  and  the  statements  submitted  by  able  men  of  such  rep- 
resentative establishments  as  the  Otis  Iron  and  Steel  Company,  the  Cam- 
bria Iron  Company,  the  Pennsylvania  Steel  Company,  tbe  Bethlehem 
Iron  Company,  the  Midvale  Steel  Company,  and,  indeed,  to  the  concur- 
rent testimony  of  all  whom  we  have  consulted. 

We  also  commend  to  careful  attention  the  full  and  very  valuable  re- 
port of  the  Fortifications  Board  just  submitted  by  the  Secretary  of  War. 

The  policy  indicated  was  ftiUy  approved  by  President  Arthur  and 
Secretaries  Lincoln  and  Chandler. 
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We  are  well  assnred  that  at  least  forty  iniUionB  of  capital  is  ready  to 
be  placed  at  the  service  of  the  Oovernment  upon  terms  that  woald  be 
approved  by  wise  aud  capable  meo  in  private  transactions. 

C0N0LUSI0N8. 

Our  conclusions  are : 

(1)  The  United  States  is  metallargically  independent  for  all  purposes 
of  warfare. 

(2)  The  manufacture  of  iron  and  steel  for  peaceful  purposes  has  kept 
pace  with  the  foremost  science  and  skill  of  the  world.  For  steel-mak- 
ing, the  casting  capacity  is  ample,  but  the  heary  forging  and  finishing 
of  guns  and  armor  will  require  new  and  costly  plants. 

(3)  The  machinery  and  machine-tools  of  the  navy  yards  are  sufficient 
for  the  building  of  engines,  but  much  of  it  is  obsolete  and  no  longer 
economical ;  the  means  of  building  iron  or  steel  ships  are  lacking ;  one 
yard  has  a  good  plant  of  limited  capacity  for  finishing  steel  guns,  and 
hajs  done  some  good  work. 

(4)  As  a  partial  check  ui)on  private  builders  and  as  a  resource  in  case 
of  necessity,  some  ships  should  be  built  in  navy-yaids,  the  parts  to  be 
furnished  by  private  foundries.  Ships  in  general  should  be  built  by 
private  contract,  and  private  yards  are  cai>able  of  doing  the  work.  The 
uncertain  nature  of  repairs  is  such  that  some  Government  yards  should 
be  kept  ready  to  make  them. 

(5)  Armor  plate  and  engines  should  be  obtained  wholly  from  private 
manufacturers. 

(6)  The  costly  experiments  of  twenty-five  years  have  reached  a  stage 
which  justifies  certain  conclusions.  Guns  should  be  made  of  open- 
hearth  steel,  forged,  breech-loading,  chambered,  of  calibers  ranging 
from  5  to  16  inches,  of  lengths  ranging  from  30  to  35  calibers.  Armor 
and  projectiles  should  be  made  of  forged  steel.  The  hydraulic  forging 
press  produces  better  results  than  the  steam-hammer,  costs  much  less, 
and  should  be  used  for  government  work.  Ships  should  be  constnictea 
of  steel,  but  certain  minor  classes  may  be  composite  of  steel  and  wood. 

(7)  The  manufacture  of  guns  suitable  for  ships  and  coast  defense 
should  be  divided  between  private  foundries  and  Government  shops ; 
the  former  providing  the  forged  and  tempered  parts,  and  the  latter 
finishing  those  parts  and  assembling  them. 

(8)  The  Government  should  establish  two  factories  for  machine-finish- 
ing and  assembling  guns.  The  weight  of  opinion  among  Army  and  Navy 
experts  and  prominent  manufacturers  of  heavy  work  in  steel  decidedly 
indicates  the  Washington  navy-yard  and  the  Watervliet  Arsenal  as  the 
best  sites  for  such  factories.  When  the  determination  to  contract  for 
heavy  guns  shall  have  been  reached,  the  localities  for  finishing  them 
can  easily  be  determined. 

(9)  All  needed  private  capital  is  ready  for  cheerful  cooperation  with 
the  Government  in  whatever  it  may  require. 

(10)  Proposals  for  armor  and  guns  should  require  such  quantities  aud 
extend  over  such  a  series  of  years  as  to  justify  private  persons  in  secur- 
ing the  best  plant.  Payments  should  be  made  only  for  completed  work 
and  only  the  guaranteed  bids  of  persons  having  capital  and  experience 
should  be  considered. 

Respectfully  submitted. 

J.  B.  HAWLBY,  Chairman. 
K.  W.  ALDRIOH. 
W.  J.  SBWELL. 
J.  T.  MOEGAK. 
M.  C.  BUTLER. 
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Transactions  of  the  American  Instittite  of  Mining  Engineers.  B.  W.  Baymond, 
Ph.  D.,  secretary.    New  York.    1881-^83.    lUastrated. 

Valuable  papers  on  metallarsy ;  methods  of  mannfaotnre ;  ftimaoes ;  managemeiit  and  treatment 
of  steel;  distribution  of  ores,  dMS. 

Constniction  of  Vessels  of  War  for  the  Navy.  Hon.  B.  W.  Harris,  M.  C,  chair- 
man Committee  on  Naval  Affairs.    House  Report  No.  653.    1882. 

Views  and  opinions  of  certain  officers  of  the  Navy,  mvinfiiotarerB  of  iron  and  steel,  and  ship- 
bnilders  of  the  country  as  to  the  best  mode  of  construotlnff  vessels  of  war,  and  the  character 
of  material  and  armaments  best  fitted  for  that  purpose,  submitted  before  the  Committee  on 
Naval  AJbirs,  in  obedience  to  an  order  passed  by  the  House  of  Bepresentatives  February  8, 
1882. 

Report  of  the  Chief  of  Bureau  of  Army  Ordnance.  Brig.  Gen.  8.  Y.  Ben€t,  U.  S. 
Army,  Chief  of  Ordnance.    Public  document.    1882.    Illustrated. 

Beports  of  the  Getty  Board ;  on  Euroi>ean  ordnance  and  manufactures,  by  Gd.  S.  Crispin,  U.  8. 
Army;  of  the  Ordnance  Board  on  various  trials  of  guns  and  projectiles. 

Report  of  the  Gtotty  Board  on  Heavy  Ordnance  and  Prpjeotiles.  Bvt.  Mi^.  Gen. 
George  W.  Getty,  president.  Senate  £x.  Doc.  No.  178,  47th  Congress,  Ist  session. 
1882.    IllQstrated. 

Beport  of  Board  appointed  in  conformity  with  the  act  of  Congress  approved  March  8, 1881,  for 
the  purpose  of  making  examinations  of  all  Inventions  and  improvements  of  heavy  ordnance 
and  projectiles ;  detailed  report  of  examinations,  and  recommendations  as  to  what  inventions 
are  worthy  of  actual  test  and  the  estimated  cost  of  such  tests ;  Lyman-Haskell  multicharge 
gun ;  composite  (iron  and  steel)  guns;  Woodbridge  and  Army  Oronance  wiie-guns;  detailed 
repOTt  of  the  bursting  of  Woodbridge  gun,  and  recommendations  of  Board. 

Senate  Ordnance  Report.  Senator  John  A.  Logan,  chairman.  Senate  Report  No. 
969,  47th  Congress,  2d  session.     1883.    Illustrated. 

Beport  of  the  Select  Committee  on  Heavy  Ordnance  and  Projectiles;  views  and  submitted  plans, 
designs  and  estimates  of  inventors  and  manufacturers  of  cannon  and  proJeotUes  and  of  the 
Chief  of  Army  Ordnance:  experimental  guns  recommended;  statements  of  W.  E.  Wood- 
bridge,  W.  W,  Hubbell,  H.  F.  Mnnn,  Col.  T.  Yates,  J.  B.  Haskell,  Gen.  8.  V.  Ben«t,  W.  P. 
Hunt,  C.  Plagge,  A.  H.  Emery,  and  Korman  Wiard. 

Report  of  the  Secretary  of  the  Navy.    Public  document.    1883.    Illustrated. 

Beports  on  armored  vessels,  steel  cruisers,  marine  rams,  torpedo-boats,  proposed  additional  Tea- 
sels, types  of  guns. 

Report  of  the  Chief  of  Bureau  of  Army  Ordnance.  Brig.  Gen.  S.  V.  Bentft,  IT.  S. 
Army,  Chief  of  Ordnance.    Public  document.    1883.    Illustrated. 

Beports  of  the  Ordnance  Board  on  trials  of  various  guns  and  carriages ;  description  of  the  XT.  8. 
testing-machine  at  the  Watertown  Arsenal ;  experimental  guns  being  fkbricated  under  con^ 
tract;  shrinkage  tests  of  steel  hoops,  and  mechanical  tests  of  specimens  taken  fh>m  them. 

Metallurgy  of  Iron.  By  First  Lieut.  Constantino  Chase,  Third  Artillery,  U.  S.  Army. 
Ordnance  Notes,  No.  324.     1883.    Illustrated. 

Historical  sketch;  distinctive  characteristics,  physical  and  ohemlcsl  properties,  manui^MStlire 
and  treatment  of  malleable  iron,  steel,  and  cast-iron;  description  of  nunaces  and  processes. 

The  Development  of  Armor  for  Naval  Use.  By  Lieut.  £.  W.  Very,  U.  S.  Nayy. 
Annapolis,  Md. ;  U.  S.  Naval  Institute.    1883.    Illustrated.    $1. 

A  comprehensive  history  of  the  development  of  armor ;  projectile  energy  and  armor  resistance j 
iron  armor  and  smooth-bore  guns  in  Europe  and  the  United  States ;  iron  armor  and  rifled 
guns;  steel  and  compound  annor;  inclined  armor;  Gruson  chilled  armor;  armor  manufact- 
ure and  laws  of  penetration. 
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Our  New^  Cruisers.  By  Assistant  Naval  Constructor  Francis  T.  Bowles,  U.  S.  Nayy. 
Annapolis,  Md. ;  U.  S.  Naval  Institute.     1883.    Illustrated.    $1. 

General  description  of  cmisers  Chicaso,  Boston,  Atlanta,  and  dispatch-boat  Dolphin  aa  designed 
and  contracted  for;  dimensions,  Datteries,  details  of  conRtmction  of  hulls  and  machinery; 
ffeneral  internal  arrangements ;  tests  of  mild  steel  for  cruisers ;  table  of  war-shipa  building 
wronghoat  the  world  at  the  date  of  issae. 

The  Heavy  Ouns  of  1884.  By  Col.  E.  Maitland,  R.  A.,  Superintendent  Royal  Gun 
Factory,  Woolwich,  England.  London ;  Journal  of  the  Royal  United  Service  Insti- 
tution, No.  126.     1884.    Illustrated. 

Improvement  in  powder,  mechanical  appliances,  and  the  production  of  large  masses  of  steel  aie 
the  chief  causes  that  have  led  to  re-armament ;  powder  development ;  breech-loading ;  relative 
excellence  of  latest  tyi^es  of  heavy  gons  in  Europe:  comparative  table  of  powers  of  B.  L. 
guns  of  1881-1884. 

The  Construction  of  Additional  Steel  Vessels  for  the  Navy.  Senate  Report  No. 
161,  48th  Congress,  1st  session.    1884. 

Beport  of  the  committee ;  extracts  trom  reports  of  Secretary  of  the  Navy  and  Naval  Advisory 
Boards;  additional  new  vessels  proposed;  rams;  torpedo-boats;  list  of  available  vessels;  date 
of  constmction,  original  cost,  and  total  expen»e  for  repairs  of  vessels  borne  on  recister  No- 
vember,  1883:  viows  snbmittid  to  the  committee;  paper  on  the  Kavy  of  1884,  by  Lieal- 
Commander  F.  M.  Barber,  United  States  Navy;  ships  of  war  bnilding,  l883-'84;  lettor  of 
Chief  Engineer  B.  F.  Isherwood,  United  Stateti  Navy,  to  Senator  Hale;  reply  of  the  Naval 
Advisory  Board  to  the  same. 

Report  of  the  Secretary  of  the  Navy.    Public  document.    1884.    Illustrated. 

Contains  reports  on  new  crnisers,  additional  vessels,  completion  of  monitors,  torpedo-boftts  for 
coast  defense,  Gun-Foandry  Board,  Navy- Yard  Commission,  Torpedo  Board,  work  of  the 
Naval  Bureau  of  Ordnance,  experiments  with  projectiles  and  gnn-ootton. 

Bea-Coast  Defenses. — Extract  from  the  Annual  Report  of  the  Chief  of  Engineers, 
U.  S.  Army.    Public  document.    1884. 

Beview  of  modem  requirements  for  defense  of  our  sea^oast  cities;  Contributions;  snbmaiiaA 
mines;  torpedoes;  sea-coast  and  lake  frontier  defenses;  estimates  of  appropriatloDBi  boards 
of  Engineers ;  summary  of  their  operations. 

Report  of  Oon-Foundry  Board  "with  Supplement.  Rear  Admiral  £.  Simpaon, 
president.  House  Ex.  Doc.  No.  97, 48th  Congress,  1st  session,  February,  1884.  Sup- 
plementary Report',  December,  1884.    Illustrated. 

Sources  in  England,  France.  Germany,  Russia,  and  the  United  States  iVom  which  armaments  are 
supplied ;  condition  of  steel  manufacture ;  pi-eaent  condition  of  artillery ;  cost  of  plant  for 
the  manufacture  of  guns ;  sites  selected  and  plans  for  gun  fiactories  and  their  cost ;  oon- 
cluaions  and  recommendations  of  the  Board. 

Report  of  the  Commission  on  Navy-Yards.  Commodore  S.  B.  Luce,  U.  S.  Navy, 
president.    Senate  Ex.  Doc.  No.  55,  48th  CongresH,  Ist  session.     1884.    Illustrated. 

Beports  condition  and  uses  of  yards  and  plants ;  advantages  and  disadv/intages  of  sites ;  plans  of 
yards  and  stations;  tabulated  statements  showing  character,  value,  and  condition  of  the  im- 
provements; value  of  machinery  and  personal  property;  area,  cost  of  site,  and  improve- 
ments; present  value  of  site.  improvementH,  machinery,  and  seasonal  property; -and  cost  of 
maintaining  the  various  yards,  with  value  of  their  products  auring  each  of  the  iMtat  fifteen 
yean  to  June  30, 1882 ;  conclusions  and  recommendations. 

Report  of  Armament  Board.  Colonel  T.  G.  Baylor,  Ordnance  Corps,  U.  S.  Army, 
president.    Senate  Ex.  Doc.  No.  5,  48th  Congress,  2d  session.    1884. 

Appointed  in  pursuance  of  act  of  Congrees  approved  July  6, 1884.  to  determine  the  various  oali- 
bers,  lengths  of  bore,  greatest  andleast  admissible  weights  of  guns  for  each  caliber,  weights 
of  projeotilee  for  each,  together  with  the  number  of  each  caliber  of  gun  required. 

Iron  Ores.  By  A.  A.  Blair,  chief  chemist.  Public  Document.  Tenth  Census. 
Mines  and  Mining  Industries.     1884. 

Chemical  analyses  of  average  commercial  samples  of  all  the  important  iron-ore  deposits  of  the 
United  States ;  samples  taken  187d-1881 ;  methods  employed  in  the  analysis  of  iron  ores. 

Directory  of  the  Iron  and  Steel  Works  of  the  United  States.  Published  by  the 
American  Iron  and  Steel  Association.    Philadelphia.'  1884. 

Includes  names  and  descriptions  of  all  the  iron  and  steel  works  of  the  United  States,  embracing 
blaat-ftunacea,  rolling-mills,  steel  works,  forges,  and  bloomaries,  in  every  State  and  Ter- 
ritory. 
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Iron  in  All  Ages.  By  James  M.  Swank,  vice-president  of  the  American  Iron  and 
Steel  Association.  Philadelphia;  pnblished  by  the  aiithor:  261  Sonth  Fourth  street. 
1884.    $5. 

History  of  the  manafaotnre  of  iron  and  steel  in  all  ages,  and  particularly  In  the  United  Sttttes, 
for  300  years,  £rom  1585  to  188S. 

The  Establiahment  of  Steel  Oun  Factories  in  the  United  States.  By  Lient. 
W.  H.  Jaques,  U.  S.  Navy.  Annapolis,  Md.;  United  States  Naval  Institute.  1884. 
Illustrated.    t*2.50. 

A  presentation  of  the  views  of  Congress,  committees,  chiefs  of  Departments,  and  exi>erto  on  the 
snl^ect  of  the  proper  means  of  defense  and  the  preparation  for  it;  an  amplification  of  the 
report  and  conolasions  of  the  Gnn  Foundry  Board;  a  convenient  reference,  proftisely  iUoa- 
trated  and  indexed,  to  the  details  of  the  manufacture  of  ordnance  and  armor;  descriptions  of 
some  of  the  largest  steel  works  and  ordnance  factories  of  the  world;  types  of  weapons j  de- 
tailed estimates  of  cost  of  plant  and  time  of  production. 

Mild  Steel  applied  to  Naval  and  Military  Purposes.  By  Maj.  G.  Mackinlay, 
R.  A.    London;  Royal  United  Service  Institution.    Jan.  30,  1885.    Illustrated. 

A«T>nttl  production  of  iron  and  steel  in  1882  for  each  country ;  processes  of  manufacture ;  ibrg- 
Ing ;  tempering ;  steel  castings ;  teste ;  steel  for  ordnance ;  whttworth's  hydraulic  forging- 
press;  gun  carriages;  prqjectiles;  armor;  and  parte  for  ship  constmction. 

Capabilities  of  Private  Firms  to  mannfactnre  Heavy  Ordnance  for  the  British 
Service.  By  W.  Anderson,  esq.,  C.  £.  London;  Journal  of  the  Boyal  United 
Service  institution,  No.  129  (extra  number).    1885. 

Sketoh  of  the  development  of  material  of  war ;  capacity  of  present  works  to  manufBotnre  mate- 
rial and  fsbricate  guns ;  best  means  to  secure  rapidly  a  supply  of  heavy  guns  lies  in  the 
method  of  obtaining  the  parte  from  the  private  manufacturers,  and  finishing  them  at  the 
Boyal  Arsenal,  and  estebushing  a  second  gun  fisctory;  Snglish  development  of  war  material 
suffering  fh>m  the  cry  of  economy. 


QnestionB  Maritimes.  By  £mile  Weyl,  lieutenant,  French  Navy.  Paris;  Berg«r- 
Levrault  et  Cie.     1885. 

Valuable  sketeh  of  the  questions  of  naral  construction,  ordnance,  armor,  and  torpedoes  In  Franoe^ 
with  papers  on  naval  war&rOt  armor,  guns,  recent  exporimente,  and  recommendations. 

Report  on  Heavy  Ordnance.  Hon.  William  S.  Rosecrans,  M.  C,  chairman.  House 
report  No.  2546,  48th  Congress,  2d  session.    1885. 

Statemente  of  Norman  Wiard  Oen.  S.  Y.  Ben6t,  and  James  B.  HaskelL  Conclusions  and  reoook* 
mendations  and  framed  bill. 

Beport  of  the  Naval  Advisory  Board  on  Mild  Steel  for  New  Cruisers.  Pre- 
pared by  Assistant  Naval  Constructor  ^.  Gatewood,  U.  S.  Navy.  Report  of  the 
Secretaiy  of  the  Navy.    Public  document.    1885. 

Use  of  mild  steel  in  constmction  of  vessels;  reouiremente  of  Navy  Department;  inspection 
and  tests,  chemical  reouiremente  and  methoas  of  analysis;  Admiralty,  Lloyds',  French, 
Liverpool  T7nderwrlters\  and  Bureau  Veritas'  requiremente  for  steel. 

Mineral  Resonroes  of  the  United  States  for  the  calendar  years  1883-1884. 
By  Albert  Williams,  jr.,  chief  of  Division  of  Mining  Statistics  and  Technology. 
Public  document.    United  States  Geological  Survey.    1885. 

Statistical  report  upon  the  present  condition  of  the  mining  industries  of  the  United  Stetes,  pro- 
duction, imports,  and  ezporte;  coal;  petroleum;  manufacture  of  coke;  natural  gas;  ironi 
manganese ;  chromium ;  and  other  mineirals. 

The  Present  Teohnioal  Condition  of  the  Bteel  Industxy  in  the  United  States. 
By  Phineas  Barnes.  Public  document.  Bulletin  of  the  United  States  Geological 
Survey,  No.  25.    1685. 

Supplementary  to  the  report  of  the  "Mineral  Besources  of  the  United  States,  1883-'8i,"  glvinff 
a  general  view  of  existing  conditions  and  practice;  raw  materials,  processes,  machinery,  ana 
products. 

Infonnation  from  Abroad.  General  Series  No.  IV.  Public  document.  Office  of 
Naval  Intelligence,  Bureau  of  Navigation,  Navy  Department.    1885. 

Deaerintlons  of  the  latest  types  of  shins  recently  built  and  building  in  or  for  England,  Franosu 
Italy,  Germany,  Russia,  Brazil,  Chili,  and  Japan ;  ordnance  development  in  the  TTuited 
Stetes,  Sngland,  Prance,  and  Germany;  and  the  progress  in  torpedo  and  torpedo-boat  devel^ 
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The  HotchklBS  Revolving  Cannon.  By  Lieut.  £.  W.  Very,  U.  S.  Navy.  Paris. 
For  private  circulation.    1885.    Illustrated. 

DeAcrfptioa  imd  illnstratlont  of  the  Byatems  m  desipied  for  navRl  service,  field  artillery,  and 
flank  defense,  together  with  firing  tables,  provlng-greond  testa,  and  official  reports  of  uivre, 
'     Sboeboiynesa,  Sandy-Hook,  Pola,  Spezia,  Helder,  Copenhagen,  St.  Petersburg,  and  Ports- 
month. 

Heavy  Ordnance  for  National  Defense.  By  Lieut.  W.  H.  Jaqnes,  U.  S.  Navy, 
New  York  and  London.    G.  P.  Putnam's  Sons.    ItibS.    Illustrated.    25  cents. 

A  consideration  of  the  present  defenseless  condition  of  the  coast  cities  of  the  United  States  and 
of  the  necessity  for  the  immediate  production  of  heavy  i;ans  adapted  to  modem  warfare, 
tofcether  with  suggestions  concerning  the  best  type  to  accept,  and  the  most  advantageous 
system  of  constmction. 

Our  Sea-Coast  Defenses.  By  Lieut.  Eugene  Griffen,  U.  S.  Army.  New  York  and 
London.    G.  P.  Putnam's  Sons.    1885.    2o  cents. 

A  description  of  oar  sea-coast  defenses,  past  and  present;  tables  of  modem  heavy  ordnance; 
appropriations  for  fortifications  since  1866 ;  value  of  destructible  property  exposed  to  an 
enemy ;  proposed harb«ir defenses  ;  extreme  ran^'esof  modern  heavy  ordnance;  use  of  armor; 
and  list  of  loreign  armored  ships  availablo  for  ofifensive  operations  against  the  United  States. 

Ericsson's  Destroyer  and  Submarine  Oun.  By  Lieut.  W.  H.  Jaques,  U.  S.  Navy. 
New  York  and  London.    G.  P.  Putnam's  Sons.    1885.    Illustrated.    50  cents. 

A  consideration  of  their  application  to  naval  warfare,  the  advantages  of  the  system,  together 
with  a  short  history  of  submarine  artillery. 

Ships  of  War.  By  Assist.  Naval  Constructor  Francis  T.  Bowles,  U.  S.  Navy.  New 
York.    A.  J.  Johnson  &  Co.    1885.    Illustrated. 

Historical  sketch  of  recent  naval  constmction  in  the  United  States,  England,  and  France;  de- 
scriptions of  typical  modern  war  ships  of  various  classes ;  brief  reviews  or  armor,  gnns,  ma- 
terials of  construction,  machinery,  and  torpedoes,  together  with  tables  of  the  ai-mored  and 
nnarmored  vessels  of  the  world. 

Reconstruction  and  Increase  of  the  Navy.  By  Ensign  W.  I.  Chamhers,  U.  S. 
Navy.    Annapolis,  Md. ;  U.  S.  Naval  Institute.    1885.    Illustrated.    |1. 

Duties  of  a  navy ;  tvpes  of  ships  reqnired ;  comparison  of  late  high-power  guns  and  a  graphic 
comparison  of  their  power  and  accuracy ;  building  programme ;  navy-yards  and  naval  sta- 
tions ;  organization  ot  departments. 

Report  of  the  Fortifications  Board,  Hon.  Wm.  C.  Endicott,  Secretary  of  War, 
President.    Senate  Ex.  Doc.  No.  43,  49th  Congress,  1st  session,  1886.    Illustrated. 

Appointed  under  act  of  Congress  of  March  3,  1885,  to  "examine  and  report  at  what  ports  fortl- 
flcations  or  other  defenses  are  most  urgently  reqnireil,  the  character  and  kind  of  defenses 
best  adapted  for  each,  with  refei-cnce  to  armaments,"  and  "the  utilization  of  torpedoes, 
mines,  or  other  defensive  appliances."  Selects  cloven  points  at  which  the  best  modem 
defenses  are  *' urgently  required,"  and  specifies  for  such  defense:'  110-ton  breech-loading 
rified  cannon,  14inch,  12-inch,  and  10  inch  breech -loading  rifles,  12-inch  rilled  mortars, 
turrets,  armored  casemates  and  barbettes,  floatins  batteries,  fixed  and  movable  toraedoes; 
recommends  150  torpedo-bpats  and  rapid-flrine  and  machine  guns;  discanls  iron  and  multi* 
charge  guns;  comparison  of  iron  and  steel  gnns;  list  of  ports,  with  description  of  fortifica- 
tions and  other  defenses,  with  reference  to  armament,  mines,  torpedoes,  etc. ;  guns  on  hand; 
estimates  for  land  defenses  exclusive  of  armament :  armament  and  mountings,  floating  bat- 
teries and  their  armament,  submarine  mines  and  their  adjuncts,  and  torpt^do  boats:  practical 
measures  for  obtaining  tbe  appliances  for  deleuHu;  indoraos  conclusions  and  estimates  of 
Gun  Foundry  Board,  and  recommends  "that  the  steel  manufacturers  should  bo  called  upon 
to  provide  the  material,"  and  the  guns  fabricated  in  two  gun  factories,  one  for  the  Army 
ana  one  for  the  Navy;  appropriations  recommended.  The  whole  subject,  with  estimates,  is 
discussed  In  detail,  and  the  conclusions  and  recommendations  of  the  Gun  Foundry  Board 
are  cited  and  indorsed. 

The  Navy  and  Its  Prospects  of  Rehabilitation.  By  Bear  Admiral  Edward  Simp- 
son, U.  S.  Navy,  President,  U.  S.  Naval  Institute.  Annapolis,  Md.;  Naval  Institute. 
1886.    (1. 

What  has  been  done  for  a  new  navy ;  armored  coast  defense,  and  training  vessels ;  gnns,  gun 
foundries,  and  gun  factories;  armor;  torpedoes:  engines  and  boilers ;  nydrographic  work; 
U.  8.  Naval  Academy ;  and  tribute  to  the  Hon.  George  Bancroft 

Modem  Armor  for  National  Defense.  By  Lieut.  W.  H.  Jaques,  U.  S.  Nayy. 
New  York  and  London.    G.  P.  Putnam'?  Sons.    1886.    Illustrated.    60  cents. 

Presents  practioal  information  about  material,  methods  of  manufacture,  cost,  devriopment,  testa, 
and  application,  effects  of  fire,  resistance  of  plates,  and  a  comuarison  of  the  results  that  have 
been  obtained  at  the  moat  important  competitive  trials,  together  with  statistioa. 
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The  following  reporte  haye  been  pieeented  to  Congress,  bnt  no  order  for  printing 
them  haa  been  made  at  the  date  of  this  report: 

Report  on  Bnzopean  Sea-coast  Fortifioatloiia.    By  Capt.  W.  H.  Bix1}y,  U.  S.  En- 
gineers. 

BepoTt  of  ft  Tialt  to  Belffiimi,  Holland,  Oennaay,  Italy,  aad  Bngland  In  1881-*82,  and  preamta- 
tbm  of  information  relating  to  tnrreta,  ozdnanoe  mMOElal,  aea-ooaat  fortiflcationB,  uid  annor 
matorial,  prinoipaUy  Grnaon. 

Report  on  Buopean  Dockyards.    By  ITaval  Constmctor  Philip  Hichbom,  U.  S. 

Wavy. 

BnropMn  dookyaxda  {  detaila  fitting,  and  equipment  of  ibreign  reeaela,  torpedo-boata,  ahip-yard 
applianeea  and  toola. 
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Plate  1. 


Royal  Gun  Factory  (Woolwich),  Breech  Action. 
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The  members  of  the  subcommittee  availed  themselves  of  their  pres- 
ence in  Europe  to  visit  some  of  the  dock-yards  and  private  establish- 
ments in  England  where  war  vessels  of  different  types  are  building 
and  ordnance  material  of  every  description  is  manufactured.  We  were 
accompanied  by  Commander  F.  E.  Ohadwick,  XJ.  S.  K.,  naval  attache 
to  the  legation  of  the  United  States,  London,  and  Lieut.  W.  H.  Jaques. 
n.  S.  N.,  and  were  everywhere  received  with  marked  attention  ana 
courtesy. 

BOTAL  ABSENAL,  WOOLWIOH. 

At  the  Woolwich  Boyal  Arsenal  several  thousand  men  are  employed 
and  many  acres  are  covered  With  shops  in  operation.  The  depart- 
ments were  visited,  and  the  operations  in  their  various  stages  were  de- 
scribed by  the  officers  in  charge.  Lieutenant  Wingfleld,  E.  N.,  greatly 
assisted  the  investigations  of  the  committee  by  his  explanations. 
Among  a  multitude  of  other  products  were  projectiles  for  100-ton  guns ; 
carriages  of  all  sizes^  from  the  field  to  the  proof  carriage  for  the  new 
110-ton  breech  loading  rifle;  Woolwich  fish  torpedoes  (Whitehead 
system)  and  their  guns,  and  steel  breech-loading  rifled  guns  up  to  and 
including  that  of  66-tons'  weight  in  the  lathes  and  being  sighted.' 

The  250-ton  steam  crane  was  operated  to  show  with  what  ease  it 
could  be  handled  when  required  for  use  over  the  shrinkage  and  tem- 
pering pits.  Very  many  additions  are  being  made  to  the  already  very 
large  gun  factories  and  very  powerful  lathes  are  being  set  up.  The 
trepanning  (boring  around  a  core)  plant  here  is  probably  the  most 
efficient  in  the  world.  A  9.2-inch  wire  gun  was  approaching  comple- 
tion, the  flat  wire  being  very  effectively  wound  with  a  simple  machine. 

The  Woolwich  authorities  claim  that  the  steel  plant  employed  for  ex- 
perimental work  is  a  most  excellent  check  upon  the  steel-makers  who 
are  supplying  the  material.  It  is  stated  that  the  effect  has  been  to  re- 
duce the  price  and  raise  the  quality  of  the  steel. 

YAYASSEUB  GUN  MOUNTINGS. 

A  large  number  of  Yavasseur  hydraulic  gun  mountings  were  being 
inspected  and  proved,  together  with  the  Woolwich  carriages  of  similar 
system.  Plate  1  shows  the  breech-closing  mechanism  employed  at 
Woolwich.  Plate  2  represents  a  Vavasseur  center-pivot  carriage  and 
shield.  Its  advantages  are  applicability,  simplicity,  and  the  limited 
space  occupied.  Eight  hundred  of  these  monntings  have  been  manu- 
factured for  various  powers,  principally  England,  France,  and  Spain, 
and  Germany  is  now  negotiating  for  their  manufacture  or  supply. 

BAPIB-FIBING  GUNS. 

Hotchkiss  and  Nordenfelt  rapid-firing  guns  were  also  being  prepared 
for  service.  Authorities  differ  as  to  which  is  the  superior  weapon,  but 
all  concur  in  the  opinion  of  the  necessity  for  a  large  number  of  this  type 
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for  the  armament  of  torpedo  and  dispatch  boats  and  the  secondary  bat- 
teries of  other  vessels  of  war.  Plate  4  contains  an  elevation,  plan, 
and  section  through  the  trunnions  of  a  Hotchkiss  57-millimeter  (2.24 
inches)  6-pounder  rapid-firing  gun.*  Plate  3  is  a  Hotchkiss  53-milli- 
meter (2.09  inches)  revolving-cannon  and  Navy  carriage,  designed  for 
defensive  service  against  torpedo-boats  and  effective  offensive  service 
against  open-deck  batteries,  or  in  boat  and  naval  brigade  work.  Plate 
5  contains  an  elevation  and  plan  of  the  Nordenfelt  6-pounder  (2.25 
inches)  rapid-firing  gun  and  recoil  carriage.  Maximum  rapidity  of  fire 
30  rounds  per  minute;  with  deliberate  aim  12  rounds;  penetration  of 
solid  wrought-iron  5.39  inches. 

PROVING  GROUND,  SHOEBURYNESS. 

At  Shoel)uryness  the  committee  inspected  a  large  number  of  targets 
of  English  compound  armor  (wrought-iron  and  steel)  in  various  condi- 
tions of  demolition,  and  were  impressed  with  the  extensive  scale  on 
which  these  experiments  are  conducted ;  but  it  is  to  be  regretted  that 
England  has  not  extended  this  valuable  work  to  include  comparative 
work  with  different  characters  of  armor-plate.  Eecent  experiments 
have  been  made  against  targets  erected  to  represent  as  nearly  as  possible 
sections  of  the  Spithead  forts  and  Her  Majesty's  armored  barbette  ship 
Eodney  (9,700  tons).  The  results  showed  the  superiority  of  the  gun 
over  these  targets  of  English  compound  armor. 

The  range  at  Shoeburyness  and  all  the  appliances  are  very  extensive, 
and  the  great  rise  and  fall  of  the  tide  assist  greatly  to  a  successful  con- 
duct of  the  tests  and  the  recovery  of  the  projectiles. 

CHATHAM  DOOK-TARD. 

At  the  Ghatham  dock-yard  from  10,000  to  12,000  men  are  at  present 
employed,  and  in  addition  to  the  ordinary  repairs  and  refits  going  on 
and  the  care  of  a  large  number  of  war  ships  of  various  types,  the  fol- 
lowing were  laid  down  in  different  stages  of  construction : 


Name. 


Typ6. 


DisplMse- 


Indi. 

Cftt«d 

hors«- 
power. 


Kodsev*... 
W»i»pW- 

Hero* 

Sevem*  ... 
Mertey*... 
Ciayp«>».. 


Armored  barbette  ship 

do 

Armored  turret  ship 

Protected  cmlser 

do , 

Partially  protected  oorrette . 


Tom. 
0,700 
7,890 
0,200 
8,550 
8,550 
2,770 


9,500 
8,000 
«,000 
6,000 
6,000 
8,000 


*  "Fog  deaexiptioa  see  pace  108. 

Plates  6  and  7  represent  in  detail  the  principal  features  of  the 
modem  English  barbette  and  turret  types.  The  Oamperdown  f  is  build- 
ing at  Portsmouth.  The  Agamemnon  was  launched  in  1879,  and  is 
armed  with  lour  12}-inch  and  two  6-lnch  breech-loading  rifles.  Her 
maximum  speed  is  13  knots,  with  an  indicated  horse-power  of  6,360. 
Her  Majesty's  turret  ship  Conqueror  (sister  ship  to  the  Hero})  having 

*  For  descriptioD  see  page  444. 
t  For  deaoription  see  page  110. 
t  for  desorlption  see  page  114. 
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The  majority  of  these  manafacturers,  as  well  as  the  Elswick Company, 
are  making  costly  additions  to  their  already  capacious  works,  expend- 
ing millions  of  pounds  sterling  to  put  themselves  in  a  position  to  supply 
the  quantities  and  masses  of  steel  now  required  by  the  British  Govern- 
ment. 

Thomas  Firth  &  Sons  are  considering  the  expediency  of  supplement- 
ing their  two  25-ton  hammers  with  a  hydraulic  forging-press,  have 
built  open  hearth  furnaces,  and  in  six  months  expect  to  be  prepared  to 
furnish  rough -bored,  rough -turned,  and  tempered  material  for  guns  of 
any  required  caliber. 

Charles  Cammell  &  Co.  (Cyclops  Steel  and  Iron  Works)  are  making 
very  large  and  important  extensions  to  their  enormous  plant,  and  will 
at  no  distant  day  be  prepared  to  supply,  in  addition  to  the  products  of 
their  armor-making  capacity,  any  amount  of  the  heaviest  steel  parts 
and  castings  for  guns  and  ships  that  the  British  Government  will  be 
likely  to  require. 

John  Brown  and  Company,  limited  (Atlas  Works),  are  making  simi- 
lar development,  and  expect  in  a  short  time  to  have  their  4,000-ton  hy- 
draulic press  in  operation. 

COMPOUND  ARMOR. 

Eegarding  the  efiBciency  of  compound  armor  as  manufactured  on  the 
Ellis  and  Wilson  systems,  Messrs.  John  Brown  and  Company  state  that 
^^  they  are  convinced  that  steel  armor  does  not  possess  any  advantage 
over  the  compound,  as,  although  they  could  readily  make  both,  they  still 
adhere  to  the  compound,  and  no  other  is  used  by  the  British  Govern- 
ment." On  the  other  hand,  it  must  be  remembered  that  in  all  thia  latest 
competitive  armor-plate  experiments  the  all-steel  (Schneider)  plate  has 
been  the  victor. 

The  following  description  of  the  present  method  of  manufacture  was 
furnishedthe  committee  by  JohnBrown  and  Company  upon  our  request: 
"  At  the  Atlas  Works,  Sheffield  (John  Brown  and  Company,  limited), 
compound  armor  plates  are  made  on  the  Ellis  system,  which  is  so  desig- 
nated from  the  name  of  Mr.  J.  D.  Ellis,  the  chairman  of  the  company, 
by  whom  the  system  was  patented.  Experiments  have  proved  that  the 
original  idea  of  making  compound  plates  with  soft  iron  back  and  a  hard 
steel  faee,  and  in  about  the  proportions  of  two-thirds  iron  and  one-third 
steel,  remains  the  best.  But  a  very  marked  improvement  in  the  effect- 
ive qualities  of  the  plates  has  been  attained  by  pressure  previous  to  the 
final  rolling.  After  the  molten  steel  has  been  poured  between  the  iron 
back  plate  and  the  worked  steel  front  plate,  and  sufficient  time  has  been 
allowed  for  the  molten  metal  to  solidify,  each  plate  is  placed  in  a  press 
of  6,000  tons'  capacity,  and  the  thickness  reduced  by  about  three  inches, 
the  plates  being  made  proportionately  thicker  in  the  first  instance  to 
admit  this  reduction." 

WHITWORTH'S  WORKS,  MANCHESTER. 

In  Manchester,  at  the  works  of  Sir  Joseph  Whitworth  and  Company, 
limited,  the  committee  witnessed  the  working  of  what  is  no  doubt  the 
most  efficient  plant  for  the  production  of  heavy  gun  material  and  shafts 
ing ;  and  indorse  the  opinion  already  expressed  by  the  Gun  Foundry 
Board,  that  '^  as  to  the  treatment  of  the  metal  after  casting  there  can  be 
no  doubt  of  the  superiority  of  the  system  adopted  by  Sir  Joseph  Whit- 
worth over  that  of  all  other  manufacturers  in  the  world.'' 
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Plate  12. 
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Plate  13. 
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Plate  15. 
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The  facility  with  which  the  operations  were  performed,  the  absence 
of  noise,  and  the  ease  with  which  the  enormous  weights  were  handled — 
almost  antomatically — were  particularly  impressive.  The  forgings  for 
the  shafting  of  the  Atlantic  steamship  City  of  Eome,  Plate  11,  the  side- 
whed  steamer  Ireland,  Plate  12,  and  the  tubes  for  the  110-ton  steel 
guns,  Plate  13,  now  in  process  of  fabrication  at  Elswick,  were  manu- 
factured here,  and  indicate  the  unequalled  resources  of  this  splendid 
establishment;  further,  the  compressed  air  cylinders  manufactured  by 
Whitworth  for  the  Whitehead  torpedoes  are  considered  superior  to  any 
others ;  and  the  British  Admiralty  require  that  <<  the  propeller  shafting 
and  the  working  barrels  of  all  the  cylinders  shall  be  made  of  Whit- 
worth's  fluid  compressed  steel,"  and  that  the  crank  shafts  shall  be  made 
of  the  same  or  of  Yicker's  steel. 

Plates  14, 15,  and  16  show  graphically  the  work  performed  by  one  of 
the  Whitworth  forging  presses  in  the  presence  of  the  committee. 

The  following  extract  from  the  report  of  the  Gun  Foundry  Board, 
pages  14-16,  describes  the  processes: 

In  speaking  of  the  Whitworth  establiflhment  at  Manchester  as  unique,  and  of  the 
process  of  manufactore  at  that  place  as  a  revelation,  reference  is  speoiaUy  made  to 
the  operation  of  forging.  As  to  tne  assorting  of  ores  and  the  treatment  of  metal  in 
the  mmaceSi  there  is  no  intention  to  draw  distinctions ;  bat  as  to  the  treatment  of  the 
metal  after  casting,  there  can  he  no  doubt  of  the  superiority  of  the  system  adopted 
by  Sir  Joseph  Whitworth  over  that  of  aU  other  manufacturers  in  the  world.  The 
process  here  adopted  has  been  kept  singularly  exempt  from  scrutiny.  Even  in  the 
offices  of  the  chieis  of  artillery  there  can  be  found  no  information,  within  the  knowl- 
edge of  the  board,  which  is  at  aU  satisfactory  upon  the  subject.  Whatever  knowledge 
there  is  seems  to  come  from  hearsay— none,  from  personal  observation — and  it  is  only 
from  personiJ  observation  that  the  merits  of  the  system  can  be  ftiU^  appreciated. 

The  system  consists  in  compressing  the  liquid  metal  in  the  mold  immediately  after 
casting,  and  in  substituting  a  hydraulic  press  for  the  hammer  in  the  subsequent 
forging  of  the  metaL 

The  flaak  is  made  of  steel,  and  is  built  up  of  sections  united  hj  broad  flanges  bolted 
together  in  such  numbers  as  to  accommodate  the  length  of  the  ingjot  to  be  cast.  AU 
molds  are  cylindrical  in  form.  The  interior  of  the  flask  is  lined  with  square  rods  of 
wrouffht-iron,  longitudinallv  arranged,  which  form  when  in  place  a  complete  cylin- 
drical interior  surface.  Where  the  square  edges  of  these*  rods  meet  they  are  cut 
away  both  on  the  insid^  and  on  the  outside,  and  at  intervals  of  two  inches  small 
holes  are  drilled  through  between  the  rods,  forming  a  channel-way  from  the  interior 
to  the  exterior  for  the  passage  of  gas  and  flame.  The  interior  is  then  lined  with 
molding  composition.  The  flange  at  the  bottom  of  the  flask,  as  well  as  that  at  the 
top,  is  perforated  with  small  botes,  which  act  as  a  continuation  to,  the  perforations 
between  the  segments  of  the  lining  for  the  escape  of  gas. 

The  casting  Is  made  directly  into  the  mold  from  the  top.  On  the  completion  of 
the  casting  the  mold  is  moved  (by  means  of  a  railway  at  the  bottom- of  the  oastinj; 
pit,  which  is  a  deep  trench  runninff  paraUel  to  the  position  of  the  fhmaces)  to  a  posi- 
tion under  the  movable  head  of  l£e  press,  which  is  allowed  to  descend  until  the  top 
is  in  contact  with  the  metal  in  the  mold,  and  in  this  position  it  is  locked;  a  shower 
of  metal  is  induced,  which  ceases  almost  as  soon  as  commenced  by  the  complete 
closing  of  the  mold.  The  first  impress  felt  by  the  metal  is  due  to  the  weight  of  the 
head  of  the  press  alone.  This  pressure  is  gradually  increased  from  below  by  hy- 
draulic action,  applied  by  four  rams  upon  the  table  on  which  the  flask  rests,  until 
the  pressure  exerted  amounts  to  6  tons  per  square  inch.  The  interval  from  the  com- 
mencement of  the  pressure  until  the  maximum  is  reached  varies  with  the  size  of  the 
ingot,  being  for  a  46-ton  ingot  as  much  as  35  minutes.  During  this  time  the  flow  of 
gas  and  flame  from  the  apertures  in  the  flanges  of  the  flask,  at  top  and  at  bottom,  are 
continuous  and  violent,  eidiibiting  the  practical  effect  of  the  compression.  This  press- 
ure is  applied  by  the  direct  action  of  steam  and  puinping  engines,  and  is  indicated  by 
a  dial.  At  the  end  of  this  time  the  pump  is  taken  off,  and  a  uniform  pressure  of  about 
1,500  pounds  per  square  inch  is  established  by  attaching  an  accumulator  to  the  press, 
and  allowed  to  remain  until  the  metal  is  sumoiently  cooled  to  insure  no  frurther  con- 
traction in  the  mold. 

The  contraction  in  length  in  the  mold  during  the  action  of  the  pump,  while  the 
maximum  pressure  is  being  reached  and  sustfuned,  amounts  to  one>eighth  of  the 
length  of  tne  ingot.  After  this  effect  has  been  produced,  there  is  no  fruther  advan- 
tai^e  deriYed  from  the  pressure  in  the  way  of  eliminating  impurities,  but  the  contrao- 
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tion,  in  cooling,  still  coes  on,  and  the  pressure  by  the  accumulator  is  considered  nec- 
essary, in  order  to  follow  up  the  metal  as  it  contracts,  for  the  purpose  of  preventing 
cracks  being  inaugurated  at  the  end  and  on  the  exterior  of  the  ingot  by  the  adhesion 
of  particles  of  the  metal  to  the  sides  of  the  mold. 

When  cooled  and  reheated,  the  ingot  is  brought  under  the  influence  of  the  forging- 
press.  This  press  is  hydraulic,  with  a  moving  nead,  having  the  main  hydraulic  cyl- 
inder fixed  in  it,  and  it  is  provided  with  an  arrangement  of  mechanism  for  raising  and 
lowering  the  moving  head  of  the  press  and  for  locking  the  same  in  any  desired  position. 
The  press  has  four  hollow  pillars  screwed  part  of  their  len^^th,  which  are  attached  to 
the  base  of  the  press  by  nuts.  On  the  top  of  the  pillars  is  nxed  a  cast-iron  head  or 
table  supporting  two  hydraulic  lifting  cylinders,  tne  rams  of  which  are  fitted  with 
cross-heads,  carrying  four  suspension  bars.  These  bars  pass  through  the  moving  head, 
and  are  connected  at  the  lower  ends  by  cross-bars,  which  are  fastened  to  the  pressing 
ram.  The  moving  head  works  between  the  base  and  the  top  or  fixed  head  of  the  press, 
and  is  raised  or  lowered  by  the  admission  or  exit  of  water  from  the  under  side  of  the 
rams  of  the  lifting  cylinders.  The  mo  vine  head  can  be  firmly  and  f  apidW  looked  at 
any  height  from  tne  base  which  may  suit  tne  work  to  be  operated  upon.  The  moving 
head,  as  already  mentioned,  carries  a  forging  or  compressiug  cylinder,  which  forces  a 
ram  down  upon  the  work.  By  attaching  the  compressing  cylinder  to  and  making  it 
part  of  the  moving  head  a  short  stroke  can  be  employed  when  forging  objects  which 
may  vary  in  size  &om  a  few  inches  to  several  feet  in  diameter. 

This  in  general  terms  explains  the  working  of  the  ram.  The  effect  produced  by  it 
requires  to  be  seen  in  order  to  be  thoroughly  appreciated,  and  is  altogether  different 
from  that  produced  by  the  hammer.  The  heated  ingot  resists  the  blow  of  the  ham- 
mer, but  the  insinuating,  persevering  effort  of  the  press  cannot  be  denied.  The 
longer  time  (several  seconds)  during  which  the  effort  lasts  is  a  great  element  in  its 
successful  effect.  As  pressure  succeeds  pressure  the  stability  of  the  particles  is 
thoroughly  disturbed  and  a  veritable  flow  of  metal  induced,  which  arranges  itself  in 
such  shape  as  the  pressure  indicates ;  the  particles  are  forced  into  closer  contact, 
and  the  whole  mass  writhes  under  the  constraint  which  it  is  impotent  to  resist. 

The  committee  were  impressed  with  the  immensity  of  the  plants  re- 
quired to  turn  out  the  supply  demanded  and  the  enormous  capital  ex- 
acted to  efficiently  conduct  these  works.  In  one  establishment  alone 
£2,000,000  have  recently  been  invested  to  make  such  extensions  as  the 
direction  deemed  necessary. 

sohneideb's  works,  le  obeusot,  fbanoe. 

The  committee  regret  that  they  were  unable  to  accept  the  courteous 
and  cordial  invitation  of  Mr.  Henry  Schneider  to  visit  the  great  works 
of  Henry  Schneider  &  Co.,  Le.  Creusot,  France,  to  see  the  development 
that  has  taken  place  in  an  establishment  that  not  only  produces  the 
best  armor  plates  in  the  world  and  provides  enormous  quantities  of  ord- 
nance material  for  guns  of  any  required  caliber,  but  also  furnishes  guns 
complete. 

COMPETITIVE  TBIiXS  OF  ABMOB  PLATES. 

The  following  descriptions  of  the  latest  competitive  trials  of  com- 
pound (wrought  iron  and  steel)  and  steel  armor  plates  show  that  steel 
has  won  as  signal  a  victory  over  iron  in  armor  plating  as  it  has  in  gun 
material. 

The  latest  public  competitive  trial  was  made  by  the  Italian  Govern- 
ment at  Spezzia,  in  October  and  November,  1884.  The  object  of  the 
trial  was  to  determine  the  relative  endurance  of  the  two  kinds  of  plates 
when  tested  to  destruction.  The  steel  plate  was  supplied  by  Schneider, 
of  Creusot,  France,  and  the  compound  plates  by  CammeU  &  Brown,  of 
Sheffield,  England. 

Each  pld'te  was  10  feet  long  by  8  feet  6  inches  wide  by  19  inches 
thick,  weighed  about  29  tons,  and  was  secured  by  18  Schneider  bolt«  to 
a  target  equal  in  strength  to  the  side  of  a  ship,  the  targets  being  placed 
in  front  of  a  butt.    The  programme  laid  down  by  the  Italian  commis- 
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8ion  was  to  fire,  at  100  yards  range,  one  shot  weighing  about  1,840 
pounds  from  the  lOOton  Armstrong  gun  at  the  center  of  each  plate, 
and  afterwards  to  fire  four  shots  weighing  about  850  pounds  each  from 
the  10-inch  (about  30-ton)  Armstrong  gun  at  the  four  corners  of  the 
same  plate. 

The  shot  from  the  lOO-ton  gun  was  known  to  possess  an  energy  suf- 
ficient to  penetrate  a  wrought-iron  plate  39  inches  thick,  and  therefore 
would  be  able  to  penetrate  all  of  the  trial  plates;  the  idea  being  to  dis- 
tress the  plates  as  much  as  possible  by  the  most  x)owerful  gun  in  exist- 
ence, and  then  ascertain  how  much  they  would  endure  afterwards  from 
the  fire  of  a  gun  more  nearly  equal  to  them. 

Plate  17  shows  the  effect  of  the  fire  of  the  100-ton  gun  alone.  The 
Schneider  plate  was  penetrated  as  if  by  a  punch ;  the  hole  was  uniform 
in  its  diameter,  and  only  2  inches  larger  than  the  projectile,  only  three 
small  radial  cracks  being  visible.  The  Brown  and  Cammell  plates  were 
greatly  damaged,  the  former  having  a  portion  of  the  steel  face,  nearly 
5  feet  in  diameter,  knocked  off  One  radial  crack  in  each  plate  was  10 
inches  wide,  and  the  hole  through  the  plate  was  7  and  9  inches  larger 
than  the  diameter  of  the  projectile. 

A  very  marked  feature  was  the  fact  that  the  Schneider  plate  was  so 
hot  that  it  could  not  be  touched  within  2  feet  of  the  hole  for  several 
hours,  showing  the  vast  amount  of  the  energy  of  the  projectile  which 
it  had  absorbed.  The  heat  of  the  Cammell  and  Brown  plates  was 
scarcely  perceptible. 

Plate  18  shows  the  face  of  the  plates  after  the  fire  of  the  lOinch 
gun.  The  Cammell  and  Brown  plates  only  received  two  shots  each 
from  the  smaller  gun,  and  were  then  pronounced  " hors  de  combat''  by 
the  commission.  The  Schneider  plate,,  after  receiving  the  four  shots 
prescribed,  was  considered  to  be  in  condition  to  have  received  two 
more  shots  had  it  been  considered  necessary  to  continue  the  trials. 

Plate  19  shows  the  rear-  of  the  targets  after  the  firing  was  con- 
cluded. The  framing  of  the  targets  was  triangular  in  shape  for  greater 
strength.  The  names  Cammell,  Brown,  and  Schneider  show  where  the 
armor  plates  are  located.  The  projectiles  were  fired  from  the  direction 
of  the  upper  left-hand  corner  of  the  cut.  It  will  be  observed  that  the 
Schneider  target  is  the  only  one  having  ltd  frames  and  braces  intact. 
The  Schneider  plate  is  the  only  one  that  would  have  kept  the  lO-inch 
projectiles  out  of  a  ship.  The  annexed  tables  give  the  details  and 
effects  of  each  shot  as  it  was  fired.  As  a  result  of  this  trial  the  Italian 
Government  has  adopted  steel  for  all  ships'  armor,  and  has  established 
a  manufactory  at  Terni,  near  Rome,  to  manufacture  it  on  the  Schneider 
system. 

The  committee  desire  to  express  their  appreciation  of  the  attentions 
shown  them  by  the  officers  of  Her  Migesty's  service;  of  the  courtesies 
of  the  Hon.  Edward  J.  Phelps,  United  States  minister  to  England;  and 
to  record  their  recognition  of  the  valuable  services  rendered -by  Com- 
mander F.  B.  Chadwick,  United  States  Navy,  naval  attache,  London, 
and  Lieutenant  Jaques,  United  States  Navy,  secretary  to  the  commit- 
tee, in  assisting  and  expediting  their  investigations ;  also  to  call  atten- 
tion to  the  importance  of  having  naval  attaches  in  those  countries 
where  rapid  developments  in  war  material  are  taking  place. 

JOS.  E.  HAWLEY, 
Chairman  sub-Oommittee. 
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BEPOBT  OF  SUBC»MMITTBE  OH  A  VISIT  TO  THE  HAVAL  OED- 
HAVCE  PBOVnrO  OBOUHD. 

Annapolis,  Md.,  July,  1886. 

Accompanied  by  Senator  J.  N.  Dolph,  of  Oregon,  and  lieatenant 
Jaques.  IJ.  S.  Navy,  the  committee  paid  a  visit  of  inspection  to  the 
Naval  Ordnance  Proving  Ground,  where  they  witnessed  a  large  number 
of  interesting  experiments,  under  the  direction  of  Commander  WiUiam 
M.  Folger^  U.  B.  Navy,  and  his  assistants.  The  committee  were  im- 
pressed with  the  earnestness  and  intelligence  with  which  the  experi- 
mental work  has  been  conducted,  particularly  under  the  unfavorable 
conditions  of  location  and  the  very  small  amounts  available  for  such 
work.  Frequently  the  committee  were  forced  to  wait  until  the  schooners 
and  small  craft  passed  out  of  range  before  some  of  the  experiments  could 
be  made.  After  inspecting  the  offices,  instruments,  small  machine-  and 
tempering  shops,  the  6-inch  steel-hooped,  breech-loading  rifle,  fabricated 
at  tiie  Washington  navy-yard,  for  the  dispatch-boat  Dolphin,  was  fired 
with  a  scaling  charge  of  15  pounds  of  hexagonal  powder,  and  afterwards 
with  service  charges  of  50  pounds  of  American  brown  (cocoa)  powder 
and  100-pound  steel  projectiles.  The  action  of  the  gravity  return-car- 
riage (also  manufactured  at  the  Washington  navy-yard)  upon  which  it 
was  mounted,  and  of  the  breech  mechanism,  was  in  every  way  satis- 
factory. The  pressure-gauges  showed  a  pressure  of  a  little  over  14  tons 
to  the  square  inch. 

All  except  one  of  the  shots  were  fired  into  butts,  in  order  to  recover 
the  projectiles  for  further  experimental  use. 

For  practice  with  the  Hotchkiss  rapid-firing  guns,  Commander  Fol- 
ger  tempered  an  American-made,  47-millimeter  (1.85-inch)  projectile 
in  the  presence  of  the  committee,  and  fired  it,  under  similar  conditions 
with  a  foreign  armor-piercing  projectile  of  the  same  caliber,  against  3jt 
inches  of  steel  (in  plates)  and  3  inches  of  oak  backing.  The  annexed 
cut  represents  the  appearance  of  the  two  projectiles  after  fire. 

Fig.  2,  the  foreign  projectile,  penetrated  the  plates  and  backing,  but 
was  ^<set  up"  as  shown.  Fig.  1,  an  American -made,  chrome  steel,  Fol- 
ger-tempered  projectile,  penetrated  the  3^  inches  of  steel,  3  inches  of 
oak,  and  4  feet  of  sand,  and  with  the  exception  of  a  few  scratches,  repre- 
sented in  the  cut,  produced  by  the  rifled  motion  in  the  sand,  the  project- 
ile was  in  as  perfect  condition  as  before  the  firing ;  in  fact  so  perfect 
that  it  was  afterward  inserted  and  pushed  through  the  bore  without  its 
rotating  ring,  I  have  preserved  this  projectile  *  for  the  purpose  of  ex- 
hibiting its  remarkable  character. 

Another  very  interesting  experiment  was  made  to  show  the  effect  of 
a  47-millimeter  projectile  fired  against  a  1-inch  oast  steel  plate  of  excel- 
lent quality.  The  plate  was  easily  broken  into  numerous  fragments^ 
which  flew  about  the  grounds  in  all  directions,  showing  the  unfitness  of 
cast  steel,  of  even  this  excellent  quality,  to  meet  the  demands  of  strengtili 
and  tenacity  for  armor,  gun,  and  other  ordnance  material ;  and,  although 

*  I  have  been  infonned  that  Commander  Folger  has  succeeded  in  getting  a  47-mil- 
limeter projectile  of  chrome  steel  superior  to  this ;  it  was  manufactored  by  the  8i- 
mond's  round  forging-maohine.    (Senator  Morgan.) 
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the  steel  in  qaestion  had  been  guaranteed  to  be  free  from  blow-holes 
(gas-holes)  the  first  fragment  examined  contained  a  hole  as  large  as  a 
moderate-sized  pea. 

Experiments  were  also  made  with  the  Folger  high-power  mnsket 
(Bemington  rifle,  caliber  .50,  with  chamber  lengthened  to  contain  a 
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Fig.  2. 


charge  of  202  grains).  Bteel  projectiles  of  430  grains  easily  pierced 
1-inch  wronghtiron  plates.  The  slight  recoil  was  noticeable.  Com- 
mander Folger  has  reported  to  the  Naval  Ordnance  Bnrean  that  <<  it 
seems  probable  that  with  the  high-power  musket  recently  submitted  to 
the  Bureau,  a  muzzle  velocity  of  2,200  feet  per  second  can  be  obtained 
with  a  solid  steel  projectile  3.5  to  4  calibers  in  length,  which  should 
give  a  penetration  in  wrought-iron  of  1.5  inches. 

JOHN  T.  MOEGAN, 
United  States  Senate^  Ohaimum  Subcommittee. 
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Navy  Dspabtment* 
Washiniitony  D.  C.y  July  12, 1884. 
GsNTLEMEN :  Beferring  to  the  resolntions  of  both  houses  of  Oon- 
gress  for  the  appointment  of  Oommittees  on  Ordnance  and  Naval  Con- 
struction, I  have  to  submit,  in  response  to  requests,  the  following  state- 
ment. 

The  subjects  covered  by  the  resolutions  may  be  classified  as  follows : 

I.  The  capacity  of  steel- works  to  make  steel  for  guns  and  armor. 

II.  The  character  and  sufficiency  of  machinery  in  navy-yards  and  in 
private  works  for  the  construction  of  guns,  engines,  and  ships. 

III.  The  best  method,  whether  by  Government  or  by  contract,  and 
the  best  location,  for  the  manufaeture  and  construction  of  guns,  engines, 
and  ships. 

I.— THE  CAPACITY  OF  STEEL  W0BE8  TO  MAKE  STEEL  FOE  GUNS  AND 

ABMOB. 

6TXKL  Ain>  GUNS. 

The  accompanying  copies  of  the  <^  Gun  Foundry  Board  Beport"  (In- 
closure  A),  and  of  a  work  entitled  <<  The  Establishment  of  Steel  Gun 
Factories  in  the  United  States''  (Inclosure  B),  contain  complete  infor- 
mation as  to  the  means  adopted  by  European  Governments  for  provid- 
ing modem  steel  guns,  a  comprehensive  statement  as  to  the  manufacture 
of  armor  for  vessels,  and  the  recommendations  of  the  Board  above 
named  which  was  appointed  by  the  President  in  an  order  of  April  2, 
1883: 

For  the  pnrpoae  of  examiniDg  and  reporting  to  Congress  which  of  the  navy-yaids 
or  arsenals  owned  bv  the  Government  has  the  oest  location  and  is  best  adapted  for 
the  establishment  of  a  Government  foundrji  or  what  other  method,  if  any,  shoald  be 
adopted  for  the  manufacture  of  heavy  ordnance  adapted  to  modem  warfare,  for  the 
use  of  the  Army  and  Navy  of  the  United  States,  the  cost  of  all  buildings,  tools,  and 
implements  necessary  to  be  used  in  the  manufacture  thereof,  including  the  cost  of  a 
steam  hammer  or  apparatus  of  sufficient  size  for  the  manufacture  of  the  heaviest 
guns. 

The  report  was  presented  to  the  President  February  16, 1884,  and 
was  favorably  received  by  Oongress.  The  Board  recommended  that 
the  gun  material  should  be  purchased  from  our  own  steel  manufactur- 
erSt  and  that  two  gun  factories  should  be  established  under  the  control 
of  the  Government — one  for  the  Army  at  the  Watervliet  Arsenal,  West 
Troy,  N.  Y.,  and  one  for  the  Navy  at  the  Washington  navy-yard.  Dis- 
trict of  Columbia,  for  the  assembling  of  the  parts  and  final  ^brication 
of  the  guns. 

The  %oard  considers  that  every  inducement  should  be  offered  to  at- 
tract the  i«rivate  industries  of  the  country  to  the  aid  of  the  Government 
in  providing  ordnance  for  the  Army  and  Navy,  and  recommends  that 
a  sum  of  money  should  be  fixed  as  a  permanent  yearly  appropriation  to 
be  expended  for  this  purpose,  being  satisfied  that,  with  such  a  guarantee 
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against  loss,  the  reqiUTed  material  will  be  produced  by  oar  own  private 
steel  works. 

The  treatise  on  <<The  Establishment  of  Steel  Gnn  Factories  in  the 
United  States,"  pablished  by  the  United  States  ITaval  Institate,  is  an 
amplification  of  the  report  of  the  Gnn  Foundry  Board,  by  Lieut.  W.  H. 
JaqueSy  United  States  Ifavy.  member  and  secretary  or  the  Board. 

The  Gun  Foundry  Board  has  been  reconvened  by  departmental 
order,  and  directed  to  report  in  what  annual  installments  appropria- 
tions can  most  economically  be  made  for  the  provision  of  modern  ord- 
nance,  and  to  prepare  plans  and  estimates  for  the  preparation  and  pur- 
chase of  plant  for  gun  flEK^tories  to  complete  guns,  for  the  Army  and 
Nay^L  trom  6  inch  caliber  to  16-inch  caliber,  including  buildings  and 
shrinKing-pit. 

The  Board  addressed  a  circular  letter  May  15, 1884  (Inclosure  G),  to 
the  leading  steel  manufacturers  of  the  United  States  calling  their  at- 
tention to  the  following  paragraph  contained  in  the  instructions  to  the 
Board: 

In  case  the  Board  shaU  be  of  oijinion  that  the  mannfactiiTe  of  the  necessary  gun 
material  ahonld  be  developed  in  tnia  country  by  oontracte  with  American  manafact- 
niers,  the  Board  may  oommnnioate  with  and  receive  proposals  from  saoh  mannfac- 
tnrers ;  and  wiU  canse  to  be  prenared  and  submitted  suitable  contracts  in  detail,  ready 
£sr  execution,  in  case  they  snail  be  approved  by  Congress,  and  will  make  specific  re- 
commendations concerning  the  same. 

The  circular  proceeded  to  say : 

You  will  see  from  the  report  that  the  Board  is  vei^  decidedly  of  opinion  that  the  gun 
material  should  be  developed  in  this  country,  and  the  object  of  now  addressing  yon 
is  to  request  from  you  such  proposals  as  may  guide  the  Board  in  its  recommendations 
as  to  the  annual  appropriations  to  be  made. 

In  whatever  particular  your  works  may  be  deficient  in  the  appliances  required,  you 
are  requested  to  consider  the  outlay  necessary  to  effioientlv  eqmp  your  establishment, 
and  to  determine  the  size  of  contract  for  annual  supply  of  gun  material  for  a  term  of 
years,  that  wiU  Justify  you  in  incurring  this  expense  for  plant,  your  remuneration  to 
be  derived  solely  from  the  price  paid  by  the  Government  for  the  material  after  passing 
the  tests  reouired. 

As  this  suDject  is  now  before  Congress,  you  are  requested  to  provide  the  information 
asked  for  at  your  earliest  convenience.  In  considering  the  matter  of  a  plant  for  the 
manufEioture  of  gun  material,  the  Board  suggests  that  yon  do  not  lose  sight  of  its  avail- 
ability for  the  manufacture  of  armor,  for  which  a  call  may  be  made  oy  the  Govern- 
ment. 

Beplies  to  the  above  droular  have  been  received  from  the  Cambria 
Iron  Company,  of  Johnstown,  Pa.,  and  the  Midvale  Steel  Company,  of 
Nicetown,  Pa.,  stating  tiiat  they  are  carefully  considering  the  subject; 
and  the  Tredegar  Iron  Works^  of  Bichmond,  Ya.,  have  proposed  to  erect 
a  plant,  if  the  Government  will  advance  the  money& 

GUNS  FOR  THS  NSW  OBUIBBRB. 

To  provide  for  the  armament  of  the  new  steel  cruisers,  orders  and  con- 
tracts have  been  made  as  follows:  With  the  Midvale  Steel  Company, 
of  l^icetown,  Pa.^  for  steel  for  twenty-one  6-inch  and  two  5-inch  breech- 
loading  rifles  ;  witii  Charlelb  Cammell  &  Co.,  Sheffield,  England,  for  steel 
for  three  8-inch  breech-loading  rifles;  and  with  Sir  Joseph  Whitworth  & 
Ca«  Manchester,  England,  for  steel  for  five  8-inch  breech-loading  rifles. 

Part  of  the  steel  for  the  great  guns  has  been  received,  both  from 
Philadelphia  and  England,  but  the  remainder  cannot  be  expected  before 
winter,  as  the  manufacturers  have  fallen  behind  their  expectations  in 
regard  to  time  of  delivery. 

Some  of  the  guns  are  now  being  fabricated  at  the  "Washington  navy- 
yard.    Contracts  are  pending  with  the  South  Boston  Iron  Works  and 
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the  West  Point  Foundry  Association  for  the  fabrication  of  eleven  of  the 
6-inch  and  fonr  of  the  8-inch  guns. 

It  is  also  intended  to  baild  some  of  the  guns  in  the  navy-yard,  Boston. 

The  carriages  are  all  to  be  built  at  the  navy -yard,  Washington. 

ARMOR. 

No  proposals  were  received  from  this  country  in  answer  to  the  adver- 
tisement of  August  20, 1883,  for  compound  armor-plates  for  the  turrets 
and  pilot-house  of  the  doubie-turreted  monitor  Miantonomoh,  and  the 
contract  was  awarded  to  the  only  bidders,  Messrs.  John  Brown  &  Go. 
and  Charles  Cammell  &  Go.,  of  Sheffield,  England,  through  their  agents, 
Messrs.  William  H.  Wallace  &  Go.,  of  New  York.    (Indosure  D.) 

A  circular  letter  was  sent,  June  20, 1884,  by  the  Navy  Department  to 
the  leading  steel  manufacturers  of  this  country  requesting  them  to  in- 
form the  Department  whether  they  would  be  prepared  to  manufacture 
armor  for  the  monitors  now  in  course  of  construction,  informing  them 
that  bids  would  be  admitted  for  either  all  steel  or  compound  armor,  and 
asking  for  the  earliest  notice  of  the  probability  of  receiving  bids  from 
American  manufacturers. 

The  replies  indicated  the  absence  in  this  country  of  a  suitable  plant 
for  the  prodqction  of  the  required  armor.  Inquiries  were,  however,  re- 
ceived from  the  Midvale  Steel  Company  and  Pittsburgh  Steel  Works, 
as^to  the  kind  of  armor  the  Government  would  desire,  and  the  time  of 
delivery  of  the  plates.  The  Cambria  Iron  Company  made  no  written 
reply  to  the  Department's  circular  letter,  but  sent  their  chief  engineer, 
Mr.  Joseph  Morgan,  jr.,  who  has  been  fornished  with  all  information  in 
regard  to  the  supply  of  armor  for  the  monitors,  and  in  reference  to  the 
tests  as  far  as  decided  upon ;  and  he  has  inspected  the  drawings  in  the 
Bureau  of  Construction  and  Repair. 

The  Department,  in  it«  replies  of  July  1  and  8  to  the  above  inquiries, 
stated  that  '<  it  does  not  at  this  time  express  any  preference  for  all  steel 
or  for  compound  armor,"  and  it  has  prepared  memoranda  relating  to  the 
character  of  armor,  mode  of  manufacture,  and  comparative  tests.  Of 
all  the  steel  manufacturers  addressed,  included  in  a  list  which  is  appended, 
but  three  have  shown  any  ability  or  disposition  to  undertake  the  man- 
ufacture,   (luclosnres  E  and  F.) 

The  Department  will  be  glad  to  place  at  the  convenience  of  the  com- 
mittees any  of  the  material  now  in  the  possession  of  the  boards  ap- 
pointed to  investigate  the  subjects  of  the  resolution,  and  it  is  impor- 
tant, in  view  of  the  information  recently  acquired  by  the  Gun  Foundry 
Board,  that  its  members  should  appear  before  the  committees. 

II.—THE  CHARACTER  AND  SUFFICIENCY  OF  MACHINERY  IN  NAVY- YARDS 
AND  IN  PRIVATE  WORKS  FOR  THE  CONSTRUCTION  OF  GUNS,  ENGINES, 
AND  SHIPS. 

The  question  as  to  the  condition  of  the  plant  in  the  navy -yards  and 
the  uses  to  which  the  several  yards  should  be  put  is  fully  treated  in  the 
report  of  the  Commission  on  Navy-Yardn,  dated  December  1, 1883,  and 
contained  in  Senate  Ex.  Doc.  No.  55,  Forty-eighth  Congress,  first  ses- 
sion. (Indosure  G.).  A  summary  of  tlie  conclusions  of  the  Board  is  to  be 
found  m  the  annual  report  of  the  Secretary  of  the.  Navy  of  I>eceml>er  1, 
1883,  pages  15  and  16.  (Inclosure  H.)  It  appears  that  the  Commission 
advised  a  reorganization  and  concentration  of  the  mechanical  depart- 
ments of  those  yards  which  might  be  kept  open  for  the  construction  or 
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repair  of  vessels,  so  that  there  should  be  but  one  shop  io  each  for  the 
performauce  of  auy  one  class  of  work,  and  that  eaeh  of  the  several  arti 
cles  that  form  part  of  the  outfit  of  a  ship  .should  be  made  in  one  yard 
only.  The  Commission  also  recommended  that  certain  yards  be  closed, 
and  others  kept  in  use  as  general  working  yards,  or  only  for  special 
branches  of  manufacture.  The  recommendations  upon  which  the  mem- 
bers of  the  Commission  were  agreed  have  in  general  been  carried  out. 
In  this  connection  the  Department  would  call  attention  to  the  follow- 
ing statement  in  the  annual  report  for  1883 : 

Mach  difficnlty  has  been  experienced  in  ofteoting  navy-yard  reforms,  o^ug  to  the 
opposition  of  persons  interested  in  the  existing  system,  not  only  to  Closing  the  repair 
shops  in  yards  to  be  hereafter  kept  only  as  naval  stations  and  arsenals,  bnt  also  to 
concentration  and  economy  at  yards  which  are  to  be  kept  open  for  work.  The  assist- 
ance and  specific  directions  of  Congress  should  tiierefore  be  sought  and  effectively  ac- 
corded. Tne  arguments  and  facts  which  show  that  reforms  should  be  instituted  are 
overwhelming.  The  change  of  naval  construction  from  wooden  to  steel  ships  would 
of  itself  involve  a  revolution  in  methods  of  work.  With  but  little  more  than  thirty 
vessels  in  commission,  only  five  or  six  have  required  repairs  at  any  one  time,  and  by 
distributing  these  among  as  many  navy-yards,  the  cumbrous  organization  and  heavy 
expenditures  at  each  yard  have  been  hung  upon  and  charged  to  the  one  ship  then  in 
hand  with  the  results  which  published  records  have  shown. 

This  subject  will  be  again  referred  to  later  in  this  communication. 

III.--THE  BEST  METHOD,  WHETHER  BY  GOVERNMENT  OR  BV  CONTRACT, 
AND  THE  BEST  LOCATION  FOR  THE  MANUFACTURE  AND  CONSTRUCTION 
OF  GUNS,  ENGINES,  AND  SHIPS. 

GUMS. 

The  question  as  to  the  manufacture  of  guns  is  fully  treated  in  the 
^< general  summary  of  conclusions"  in  the  report  of  the  Gun  Foundry 
Board,  pages  46  to  51,  as  follows : 

■       OENBBAL  8UMMART. 

The  foregoing  presents  the  chief  points  of  inibrmation  that  have  been  gained  by 
the  investigations  of  the  Board. 

As  examples  of  a  practical  partnership  between  a  Government  and  a  private  company 
in  working  towards  a  national  object,  the  experiences  in  England  and  in  Russia  are 
very  instructive  and  warn  against  the  adoption  of  such  a  system.  In  Ensland,  the 
Government,  in  addition  to  paying,  during  several  years,  very  high  prices  for  articles 
delivered,  was  forced  to  pay  £65,000  to  close  an  agreement;  while  the  company, 
besides  the  profits  on  manufacture,  came  into  possession  of  a  complete  working  plant 
at  a  mere  nominal  valuation. 

In  Russia,  the  Government  finds  itself  involved  with  a  stock  company,  paying  ex- 
cessive prices  for  what  it  receives,  and  discovers  no  way  of  relief  except  oy  buying 
up  shares'  and  operating  the  establishment  as  a  Government  foundry. 

As  an  example  of  depending  almost  entirely  on  private  works,  Germany  is  a  perfect 
instance.  The  works  of  Mr.  Krupp  are  practically  the  sole  source  of  supply  of  the 
German  artillery.  In  such  a  case  tne  Government  must  be  the  slave  of  the  corpora- 
iiou,  and  subject  to  its  whims,  caprices,  and  conveniences.  It  needs  no  argument  to 
show  the  dependent  condition  of  the  Government  under  such  a  rule ;  it  might  prove 
a  source  of  the  greatest  embarrassment.  The  Board  is  well  informed  that  some  ten  or 
eleven  years  ago  the  artillery  oflScers  were  very  restive  under  this  load,  and  wei-e 
making  strenuous  efforts  to  be  relieved  from  it,  but  without  success.  It  is  hardly 
to  be  supposed  that  time  has  quieted  the  feeling  of  dissatisfaction. 

As  an  example  of  depending  alone  on  Gk>vernment  works,  France  was  a  perfect  in- 
stance before  the  Fi'anco-German  war.  During  the  period  referred  to  the  Government 
foundries  were  the  sole  source  of  supply  of  the  armament  of  the  country ;  the  officers 
charged  with  the  work  formed  a  close  corporation ;  their  action  was  never  exposed 
to  the  public;  their  ideas  were  never  subjected  to  criticism;  the  ingenuity  and  in. 
ventive  talent  of  the  country  were  i^ored  and  resisted,  and  no  precaution  was 
thought  necessary  to  provide  a  supply  in  case  of  need  of  rearmament.  The  result  is 
well  known;  a  great  crisis  came;  the  Government  works  were  inadequate  to  meet 
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the  additional  demands  made  npon  them,  and  the  patriotic  efforte  of  private  establish- 
ments were  inadequate  to  produce  all  the  matenal  that  was  needed.  How  enti^ly 
France  has  now  altered  her  system  is  shown  in  a  previous  past  of  this  report;  her  pres- 
ent practice  is  theoretically  perfect,  and  it  has  proved  to  be  practically  efficient.  Her 
Qoyemment  establishments  are  still  retained,  but  as  gun  jactorie$  smiply,  in  which 
the  parts  are  machined  and  assembled,  but  for /cmndry  work  she  depends  npen  the  pri- 
vate industries  of  the  country,  and  many  of  these  works  have  found  it  to  their  profit 
to  establish  gun  factories  which  supplement  the  Qovemment  factories  to  a  great  ex- 
tent. 

The  conclusions  of  the  Board  on  this  subject  accord  with  the  plain  teachings  of 
these  historical  instances.  It  accepts  the  system  now  pursued  in  France  as  the  proper 
standard  for  imitation,  and  recommends  that  in  inaugurating  the  mann&otnreof  war 
material  in  our  own  country  a  conformity  as  close  as  circumstances  will  admit  to  the 
plans  which  have  proved  so  successful  in  France  should  be  observed. 

Having  reached  this  conclusion,  the  Board  is  now  prepared  to  dispose  of  the  propo- 
sitions into  which,  as  stated  on  the  seventh  page  of  tnis  report,  the  second  interroga- 
tory in  the  act  of  Congress  was  divided.  The  first  proposition  was  thus  present^, 
Yiz: 

*^  That  the  Government  should  supplement  the  plants  of  some  of  the  steel  workers 
of  the  conntrv  with  such  additional  tools  and  implements  as  would  enable  them  to 
turn  out  finished  steel  cannon." 

The  adoption  of  this  proposition  would  involve  the  Government  In  the  embarrass- 
ments which  now  exist  in  Russia,  and  which  we  have  seen  were  so  costly  to  the  En- 
glish Government  in  its  partnership  with  the  Elswick  Ordnance  Company. 

The  Board  does  not  approve  of  such  Joint  action. 

The  second  proposition  was  thus  presented,  viz : 

"  That  the  Government  should  give  contracts  of  sufficient  magnitude  to  enable  the 
steel  workers  of  the  country  to  supply  the  fimshed  guns  without  its  direct  aid." 

This  proposition,  if  adopted  without  any  (qualification,  would  make  the  Govern- 
ment dependent  entirely  npon  the  private  industries  of  the  country,  which  might 
combine  to  the  detriment  of  the  public  service.  The  Government  would  have  no 
^ard  against  extortion  and  would  be  powerless  against  a  combination.  An  actual 
instance  of  such  a  combination  is  cited  m  a  previous  portion  of  this  report  as  having 
taken  place  in  France,  but  the  independent  position  of  the  Government  made  the 
effort  futile. 

The  Board  does  not  approve  of  this  proposition  taken  by  itself. 

The  third  proposition  was  thus  presented,  viz : 

''That  the  Government  should  establish  on  its  own  territory  a  plant  for  the  fabrica- 
tion of  cannon,  and  should  contract  with  private  paries  to  such  amounts  as  would 
enable  them  to  supply  from  the  private  industries  of  the  country  the  forged  and  tem- 
pered material." 

This  proposition  is  approved  by  the  Board  and  is  regarded  as  the  foundation  upon 
which  our  system  of  manufacture  should  be  built  op.  If  this  be  done,  and  the  Gov- 
ernment made  secure  by  the  possession  of  works  of  its  own,  there  is  every  reason  to 
adopt  in  addition  the  idea  embodied  in  the  second  proposition  in  order  to  wppUment 
the  Government  establishments. 

A  state,  with  any  pretensions  to  military  power,  should  provide  itself  with  factory 
facilities  on  a  sufficient  scale  to  perform  the  work  of  establishing  standards,  making 
experimental  guns  and  fabricating  cannon  on  a  moderate  scale ;  out  it  is  not  consid- 
ered Judicious  to  concentrate  in  uie  Government  establishments  all  the  work  of  fab- 
rication or  to  include  within  their  operations  the  preparation  of  such  material  as  can 
be  provided  by  the  private  industries  of  the  counti^.  In  the  case  under  consideration 
the  purchase  of  the  steel  required  for  cannon  will  stimulate  our  own  manufacturers 
and  interest  them  in  the  operations  of  the  Government. 

The  Board  is  thus  led  to  the  conclusion  that  it  is  not  advisable  to  embark  in  the 
establishment  of  a  gun /oundry,  properly  so  called,  but  that  it  is  more  judicious  to  es- 
tablish gan  factorie9,  and  to  purchase  the  material  from  our  manufacturers. 

At  present  the  steel  manufacturers  of  our  country  are  not  prepared  to  produce  the 
matenal  required  for  the  larger  calibers,  and  the  important  question  arises,  what 
means  shall  be  adopted  to  induce  tbem  to  study  the  subject  and' embark  in  the  manu- 
facture on  a  larffe  scale  f  They  cannot  be  expected  to  do  this  at  a  sacrifice  of  their 
own  interests.  This  object  can  only  be  achieved  by  holding  out  a  fair  prospect  of 
ultimate  remuneration  for  the  expenditures  necessary  to  undertake  the  work,  and 
this  can  only  be  done  by  the  action  of  Congress. 

If,  then.  Congress  shall  conclude  to  arm  the  country  it  will  be  necessary  that  a 
sum  of  money  shall  be  fixed  as  a  permanent  yearly  appropriation  to  be  expended  for 
this  purpose,  the  amoiint  to  be  assigned  proportionally  between  the  War  and  Navy 
Departments.  With  such  a  guarantee  against  loss  the  Board  is  satisfied  that  the  re- 
quired material  for  cannon  will  be  forthcoming  from  our  own  steel  works. 

Ik  would  not  be  necessary  for  the  Government  to  be  associated  with  a  large  nam- 
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ber  of  firms  for  the  supply  of  its  material^  for  it  is  prohable  that,  the  priTate  estab- 
lishments that  would  take  up  the  subject  would  only  be  those  with  large  available 
funds  which  they  would  be  willing  to  put  into  a  special  plant,  and  for  remuneration 
on  which  they  would  be  willing  to  wait  a  reasonable  time.  The  x|6nnanent  appro- 
priation would  give  them  surety  of  ultimate  profit,  the  only  condition  being  success 
m  providing  the  material  that  would  be  indicated  in  their  contracts.  From  per- 
sonal intercourse  with  some  of  the  leadiu^  manufacturers  the  Board  is  led  to  believe 
that  the  plan  will  have  the  elfect  of  guiding  the  private  industries  of  the  country  to 
the  aid  of  the  Government  in  developing  this  worK  of  national  importance. 

It  may  be  added  that  although  the  manufacture  of  armor  plates  for  ships  and  fortifi- 
cations was  not  referred  to  this  Board  for  investigation,  the  erection  of  plant  for  pro- 
viding modem  cannon  would  go  far  towards  reducing  the  outlay  requisite  to  enable 
oar  great  steel  manufacturers  to  meet  another  pressing  want  of  the  Government. 

The  chief  expense  to  be  considered  by  private  parties  is  that  of  the  fwge^  but  by 
the  substitution  of  the  hydraulic  press  for  the  hammer  economy  will  be  consulted  and 
better  results  obtained.  The  Board  is  unanimous  in  approving  the  use  of  the  press 
for  all  forging  purposes,  and  recommends  it  to  all  who  may  embark  in  the  manufac- 
ture of  gun  metal  for  the  Government. 

In  conclusion  the  Board  submits  its  replies  to  the  three  interrogatories  contained 
in  the  act  of  Coneress : 

(1.)  ''  Which  of  the  navy-yards  or  arsenals  owned  by  the  Government  has  the  best 
location,  and  is  best  adapted  for  the  establishment  of  a  Government  foundry  t" 

The  Board  does  not  recommend  the  eetablishment  of  a  Government  foundry,  prop- 
erly so  called,  which  shall  provide  for  tiie  manufacture  of  steel  and  the  fabrication  of 
cannon.  It  considers  that  every  inducement  should  be  offered  to  attract  the  private 
industries  of  the  country  to  the  aid  of  the  Government  in  providing  ordnance  for  the 
Army  and  Navy,  and  that  the  steel  manufacturers  should  be  called  upon  to  provide 
the  material. 

The  Board  recommends  the  establishment  of  two  gun  factories  under  the  control  of 
the  Government  and  selects  the— 

Waiervliet  Areenaly  West  IVoy,  N.  Y,,  as  the  site  for  the  ArMy,  and  the 

Waskingian  navy^ard,  District  of  Columbia,  as  the  site  for  the  Navy, 

The  Board  is  unanimous  in  reoommendinff  that  the  Army  and  the  Navy  should  be 
provided  with  separate  establishments.  This  has  always  been  the  custom  in  France, 
producing  ^ood  results ,  the  reverse  has  been  the  practice  in  England,  producing  bad 
results.  Dissatisfaction  from  this  cause  has  existed  for  many  ^ears  m  the  English 
Navy,  and  the  Admiralty  has  recently  brought  about  a  revolution  in  the  system,  so 
far  as  the  supply  of  gun-carriages  is  concerned,  by  obtaining  from  Parliament  a  sep-  • 
arate  and  distinct  appropriation  with  which  it  is  providing  the  English  Navy  with 
the  Yavasseur  ^un-carriage  in  opposition  to  the  will  of  Woolwich. 

In  the  administration  of  the  war  and  Navy  Departments  of  the  United  States,  each 
service  has  charge  and  direction  of  its  own  distinct  system  of  artillery,  hence  if  but 
one  ^un  factory  be  provided,  its  control  must  be  placed  in  the  hands  of  a  mixed  com- 
mission. This  must  lead  to  conflict  of  authority  and  to  embarrassments  of  all  kinds, 
in  which  the  heads  of  Departments  must  necessarily  become  involved.  A  close 
scrutiny  of  the  practical  diiOBculties  that  would  arise  in  conductinff'the  affairs  of  a 
gun  factory  in  such  mixed  interests  develops  obstacles  that  would  be  insuperable 
even  with  the  most  harmonious  intent. 

In  the  selection  of  the  sites  mentioned,  it  is  not  intended  to  convey  the  idea  that 
they  are  regarded  as  in  every  way  adapted  for  the  purpose,  but,  as  the  scope  for  choice 
Is  limited,  they  are  considered  the  most  advantageous.  The  Board  does  not  recom- 
mend the  purchase  of  new  sites,  as  this  would  open  so  wide  a  field  for  selection  as  to 
embarrass  the  question  by  arousing  local  interests  throughout  the  country. 

(2.)  "What  other  method  if  any  (apart  from  the  estoblishment  of  a  Government 
foundry),  should  be  adopted  for  the  manufacture  of  heavy  ordnance  adapted  to  modem 
warfare,  for  the  use  of  the  Army  and  Navy  of  the  United  States  f 

With  Government  gun  faotories  established  for  both  the  Army  and  the  Navy,  there 
will  be  still  needed  the  hearty  co-operation  of  the  private  industries  of  the  country. 
This  cannot  be  aroused  unless  there  is  held  out  to  them  a  fair  prospect  of  remuner- 
ation. The  Board  does  not  approve  of  a  partnership  in  business  between  the  Govern- 
ment and  private  firms.  Alt  history  warns  against  such  a  course.  But  it  does  believe 
that  Joint,  ^and  at  the  same  time  independent,  action  between  them  can  be  made  to 
work  harmoniously  towards  the  common  national  purpose.  This  can  only  be  done 
by  a  permanent  and  liberal  appropriation  by  Congress  for  the  specific  purpose  of 
providing  the  country  with  moaem  artillery;  which  appropriation  shall  be  a  guaran- 
tee against  loss  to  the  companies  who  elect  to  undertake  the  work. 

This  is  entirely  consistent  with  the  action  of  Congress  in  providing  for  the  supply 
of  arms  to  the  militia.  The  act  authorizing  this  practice  was  passed  in  1808,  and  since 
that  time  the  yearly  disbursement  has  been  made  from  the  Treasury  without  inter- 
ruption. A  similar  act  providing  for  the  supply  of  heavy  ordnance  for  the  regular 
services  will  be  but  a  farther  development  of  the  same  idea. 
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(3.)  *'  Tb<)  coAt  of  all  buildings,  tools  and  implements,  neceesary  to  bu  used  in  the 
manufacture  thereof,  including  the  cost  of  a  steam  hammer  or  apparatus  of  sufficient 
size  for  the  manufacture  of  the  heaTieet  guns.'' 

In  reply  to  this  question  the  Board  presents  an  abstract  of  the  informatioa  already 
giyen,  arranged  in  a  convenient  form  for  reference. 

Approximate  cost  of  plant  for  producing  the  tempered  parts  of  guns  up  to  100  tons, 
ready  for  delivery  at  gun  factory : 

Casting : |250,000 

Forging  (hydraulic  press) 150,000 

Rough  boring  and  turning 210,000 

Tempering 50,000 

Total... 600,000 

Additional  cost  if  liquid  compression  be  adopted 175,000 

Approximate  cost  of  plant  for  gun  factories: 

Guns  up  to  6-inch  caliber ' 50,000 

Guns  from  6-inoh  to  12-inch  caliber •. 150,000 

Guns  from  12-inch  to  16-inch  caliber 350,000 

Buildings  and  shrinking  pit 350,000 

Total 900,000 

Three  years  will  be  reauired  to  complete  the  tools,  construct  the  shops,  and  estab- 
lish the  plant.  Such  a  factory  will  be  able  to  torn  out  per  year  fifty  6-inoh,  seven- 
teen 12-inch,  and  twelve  16-inch  guns,  or  a  proportionally  Ijtfger  numbet'  of  smaller 
calibers,  at  a  yearly  expense  of  alMut  18,000,000.  The  figures  cannot  be  proncnmoed 
exact,  but  the  Board  is  confident  that  they  closely  approximate  accuracy.  The  cal- 
culations are  based  upon  estimates  obtained  abroad,  and  do  not  include  ocean  freight 
and  customs  dues. 

Though  the  act  of  Congress  replied  to  in  the  above  report  is  one  of  inquiry,  the 
Board  desires  to  emphasize  the  necessity  of  a  proper  enoonragement  to  the  private 
steel  manufacturers,  which  shall  insure  the  supply  of  ^un  material  without  loss  to  the 
Government  or  private  companies ;  and  is  of  opinion  if  Congress  shall  be  pleased  t« 
appropriate  an  adequte  sum  for  providing  moaem  artillery  for  the  Army  and  Navy, 
to  be  held  in  the  Treasury  to  be  ex]>endea  under  the  authority  of  the  President,  that 
(with  such  a  prospect  oT  remuneration)  there  are  steel  manufacturers  in  the  United 
states  who  will  undertake  the  production  of  gun-metal  on  a  large  scale,  on  the  sole 
condition  that  their  steel  shall  meet  the  required  tests.  Unless  such  action  be  taken, 
the  Government  will  be  compelled  to  purchase  its  gun-metal  abroad,  for  it  will  be  un- 
reasonable to  expect  private  parties  to  invest  over  half  a  million  dollars  in  plant 
without  a  definite  prospect  for  its  employment. 

The  facts  that  the  United  States  is  destitute  of  the  means  of  fabricating  the  modem 
guns  BO  urgently  needed  for  national  defense,  and  that  at  least  three  years  will  be 
required  to  complete  the  tools,  construct  the  shops,  and  establish  the  plant,  would 
seem  to  demand  an  immediate  appropriation  of  the  amount  ($1,800,000)  estimated  for 
the  establishment  of  the  proposed  gun  factories. 

£.  SIMPSON 
Bear-JdmiraJ,  United  8taie$  Navy,  Pretidemiof  ikt  Board. 
E.  O.  MATTHEWS, 
Captain,  United  8taie8  Navy, 
T.  G.  BAYLOR, 
CoUmel  of  Ordnanoet  United  Statee  Army, 
HENRY  L.  ABBOT, 
JAmtenant'Oolmel  of  Engineers.  Brevet  Brigadier-QenwaX,  United  8tat$e  Army, 

SAM'L  S.  ELDER, 
Mttjory  Second  ArHUery,  United  States  Army. 
W.  H.  JAQUES, 
lAetitenant^  United  States  Navy,  Member  and  Secretary  of  ike  Board. 

ENOINS8  AND  SHIPS. 

The  qaestion  as  to  engines,  armor,  and  ships  was  briefly  discassed  in 
the  following  passage  of  the  report  of  the  Secretary  of  the  Navy  of 
December  1, 1883: 

The  question  whether  all  the  steel  naval  vessels  of  the  future  shall  be  constructed 
by  contract,  or  some  of  them  by  contract  and  some  in  the  navy-yards,  it  is  not  neces- 
sary immediately  to  determine.    Assuming  that  the  hulls  of  such  shipR  might  be 
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judiciously  niid  erononiically  built  in  the  yards,  it  is  doubtful  whether  ihf  uiachincry 
will  ever  be  so  constructed.  All  the  engines  for  the  British  navy  are  huili  in  private  show. 
fiat  oonoeding  that,  wherever  the  ships  may  be  originally  built,  it  is  desirable  for  the 
Government  to  possess  shops  fitted  for  such  repairs  as  may  from  time  to  time  be  found 
neoeseary,  it  is  due  to  truth  to  declare  that  the  Oovemment  repair  shops  under  the 
present  system  ought  not  to  be  intrusted  with  them. 

These  establishments  must  first  be  thoroughly  reorganized  in  such  a  way  as  to 
exclude  all  political  considerations  from  their  management,  otherwise  bad  and  ex- 
pensive work  will  be  the  result.  We  cannot  afford  to  destroy  the  speed  of  our  naval 
engines  in  order  to  make  votes  for  a  political  party.  Whatever  other  governmental 
agency  may  be  conducted  with  partisanship,  a  great  naval  workshop,  dealing  with 
the  hull  of  a  modem  steel  steamship,  its  fittings  and  equipment,  and  with  the  com- 
plexities of  its  machinery,  cannot  be  successfully  so  managed.  No  charge  of  favorinc 
private  ship-building  establishments  should  deter  any  one  from  asserting  that,  until 
the  navy-yard  workshops  are  managed  on  business  principles  and  without  regard  to 
politics,  the  constmction  and  repair  of  the  new  American  Navy  should  be  committed 
to  those  builders  who  employ  or  discharge  their  foremen  and  all  their  artisans  accord- 
ing to  their  skill  as  mechanics  and  without  caring  for  their  political  opinions  or  votes. 

As  an  evidence  of  the  expense  attending  the  construction  and  repair 
of  vessels  in  navy -yards,  attention  is  also  called  to  the  letter  of  the  Sec- 
retary of  the  Navy  of  January  11, 1884,  transmitting,  in  compliance  with 
a  resolution  of  the  Senate,  a  statement  showing  the  original  cost  and 
cost  of  repairs  of  the  vessels  in  existence,  printed  as  Senate  Ex.  Doc. 
No.  48,  Forty-eighth  Congress,  first  session.    (Indosure  I.) 

It  is  only  necessary  to  take  a  few  instances  to  show  how  this  policy 
of  constmction  and  repair  in  navy-yards  has  operated.  The  Shenan- 
doah, built  in  1862  at  a  cost  of  $463,866.75,  has  been  charged  with 
repairs  since  her  completion  amothting  to  $906,481.54.  The  Ossipee, 
built  in  1861,  cost  $407,064.20,  and  her  repairs  since  that  time  have 
amounted  to  $1,197,391.39.  The  Kearsarge,  built  in  the  same  year  for 
$286,918,  has  since  been  repaired  at  a  cost  of  $1,123,415.75,  or  enough 
to  have  nearly  built  four  new  vessels  of  the  same,  description.  The 
Pinta,  which  cost  in  1865  $135,915.91,  has  cost  for  repairs  $224,826.52. 

These  figures  are  enough  to  show  the  startling  results  of  the  system 
of  navy-yard  labor,  carried  on  under  the  supervision  of  Bureaus  unre- 
stricted by  any  limitations  in  the  law,  except  the  gross  amount  of  their 
annual  appropriations.  They  show  that  i'n^tead  of  maintaining  our  navy- 
yards  far  the  advantage  and  benefit  of  our  ships j  the  ships  have  been  drag- 
ging out  a  protracted  existence  for  the  benefit  of  the  yards.  It  is  natural 
to  expect  that  reforms  wUl  meet  with  strenuous  opposition  from  those 
interests  which  have  derived  importance  or  benefit  from  the  present 
system — the  Bureaus,  which  are  charged  with  the  detailed  expenditure 
of  large  appropriations  of  ill-defined  application ;  the  ofQcials  and  em- 
ployes, to  whom  a  great  navy  yard  establishment  gives  a  congenial 
though  not  too  absorbing  occupation ;  and  the  local  interests,  political 
or  industrial,  which  might  suffer  from  a  withdrawal  of  navy-yard  co- 
operation and  support;  but  it  is  to  be  hoped  that  Congress  will  not  be 
deterred  by  such  influences  fh)m  applying  the  necessary  remedy,  which 
has  been  frequently  recommended  by  the  Department. 

The  necessity  thus  expressed  of  fundamental  reforms  in  methods  of 
naval  construction  is  considered  vital.    Any  attempt  to  build  new  ships 
on  the  old  system  will  be  an  expensive  failure. 
Very  respectfully, 

WILLIAM  B.  CHANDLER, 

Secretary  of  the  Navy. 

Hon.  Joseph  B.  Hawley, 

Hon.  Samuel  J.  Bandall, 

Chairmen  Senate  and  House  Committees  on 

Ordnance  ami  Naval  Construction. 
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IKCLOSURKS. 

A.— Report  of  Gun  Foundry  Board.    (House  Ex.  Doc.  97,  Forty-eighth  Congress,  first 

B.~"  The  Establishment  of  Steel  Gun  Factories  in  the  United  States/'  by  Lieut.  W.  H. 
Jaqnes,  United  States  Navy,  member  and  secretary  of  the  Gun  Foundry  Board. 

C. — Circular  letter  of  Gun  Foundry  Board  to  manufacturers. 

D.— Letter  of  the  Secretary  of  the  Navy  transmitting,  in  answer  to  a  Senate  resolu- 
tion of  March  20,  1884,  copies  of  contracts  for  material  for  the  iron-clad  Mianto- 
nomoh.    (Senate  Ex.  Doc.  144,  Forty-eighth  Congress,  first  session.) 

£. — Correspondence  between  the  Naval  Advisory  Board  and  steel  manufacturers  in 
reference  to  armor,  including  the  Department's  circular  letter  of  June  20,  1884,  and 
replies  thereto. 

F. — Circular  for  the  information  of  steel  manufacturers,  Juhr  8, 1884. 

G.— Report  of  Navy- Yard  Commission,  December  1, 1883.  (Senate  Ex.  Doc.  56,  Forty- 
eighth  Congress,  first  session.) 

H. — Annual  report  of  the  Secretary  of  the  Navy^  December  1, 1883. 

I. — Statement  showing  the  cost  of  vessels  bidlt  m  navy-yards.  (Senate  Ex.  Doc.  48, 
Forty-eighth  Congress,  first  session.) 

Indosures  A,  B,  D,  F,  G,  H,  I  are  transmitted  as  separate  documents. 
Indosnres  C  and  E  are  printed  herewith  as  follows : 


C. 

GXTN  FOUNDBT  BOAXD,  NaYT  DkPABTMBMT, 

,  Wa$kimgtan,  D.  C,  May  15,  1884. 

GisNTLBMEN :  There  is  forwarded  to  you  herewith  a  copy  of  the  report  of  the  Gun 
Foundry  Board,  organised  by  order  of  the  President  April  2,  1883. 

The  report  has  been  favorably  received  by  Congress,  and  the  Board  is  again  in  ses- 
sion for  the  purpose  of  supplying  supplementary  information  looking  towards  the  de- 
velopment of  gun  factories  for  the  Anuy  and  the  Navy. 

In  addition  to  what  is  contained  in  the  report,  your  attention  is  particularly  called 
to  the  following  paragraph,  included  in  the  order  under  which  the  Board  is  now  act- 
ing: 

<*  In  case  the  Board  shall  be  of  opinion  that  the  manufacture  of  the  necessary  gun 
material  should  be  developed  in  this  country  by  contracts  with  American  manufact- 
urers the  Board  may  communicate  with  and  receive  proposals  from  such  maaufacturers, 
and  will  cause  to  be  prepared  and  submitted  suitable  contracts  in  detail,  ready  for 
execution,  in  case  they  shall  be  approved  by  Congress,  and  wiU  make  specific  recom- 
mendations concerning  the  same." 

The  Board  is  also  directed  to  report  **  in  what  annual  installments  appropriations 
can  most  conveniently  be  made.'' 

You  will  see  from  the  report  that  the  Board  is  very  decidedly  of  opinion  that  the 
gun  material  should  be  developed  in  this  country,  and  the  object  of  now  addressing 
yon  is  to  reanest  from  you  such  proposals  as  may  guide  the  Board  in  its  recommenda- 
tions as  to  the  annual  appropriations  to  be  made.  You  are  requested  to  consider  the 
classes  presented  under  the  head  of  '*  Cost  of  plant  for  the  manufacture  of  guns"  on 
page  40  of  the  report. 

There  will  be  required  for  the  largest  guns  a  capacity  for  casting  an  ingot  of  100 
tons.  For  12-inch  and  for  6-inch  guns  there  will  be  required  a  capacity  for  casting  in- 
gote  of  about  30  tons  and  5  tons,  respectively. 

For  forging  these  masses  there  will  be  required  a  hydraulic  press,  with  its  accesso- 
ries: for  the  largest  castings  one  of  36-inch  diameter  will  be  necessary,  but  for  the 
smaller  ones  presses  of  reduced  power  and  cost  may  be  substituted. 

For  rough  boring  and  turning,  there  will  be  required  a  plant,  as  shown  on  page  41 
of  the  report. 

For  tempering,  there  will  be  required  a  suitable  furnace  and  tank. 

All  the  above  operations  will  be  required  at  the  foundry  before  the  parts  will  be 
received  at  the  gun  factories,  and  estimates  of  the  cost  of  the  appliances  are  stated 
in  the  report. 

In  whatever  particular  your  works  may  be  deficient  in  the  appliances  required 
above,  you  are  requested  to  consider  the  outlay  necessary  to  efficiently  equip  yoar 
establishment,  and  to  determine  the  size  of  contract  for  annual  supply  of  gon  ma- 
terial for  a  term  of  years,  that  will  lustify  you  in  incurring  this  expense  for  plant, 
your  remuneration  to  be  derived  solely  from  the  price  paid  by  the  Government  for 
the  material  after  passing  the  tests  required. 
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« 

As  this  subject  is  now  before  Congress  yon  are  requested  to  provide  the  information 
ask^  for  at  your  earliest  convenience.  In  considering  the  matter  of  a  plant  for  the 
manafacture  of  gnn  material  the  Board  suggests  that  you  do  not  lose  sight  of  its 
availability  for  the  manufacture  of  armor,  lor  which  a  call  may  be  made  by  the  Qoy- 
emment. 

Very  respectfully, 

£.  SIMPSON, 
Bear-Admiral,  U.  8,  Navy, 
Fresidmt  of  the  Board. 


E. 

Naval  Advisobt  Boabd,  Navt  Dspartmei9t, 

WaeMngUm  City,  July  11,  1884. 
Sut :  In  accordance  with  the  verbal  order  of  the  honorable  Secretary  of  the  Navy 
I  have  the  honor  to  furnish  copies  of  correspondence  of  the  pepartment  and  this 
Board  with  the  steel  manu&cturersof  this  country  with  reference  to  the  manufacture 
of  ormot  as  follows : 

1 .  Department's  circular  letter. 

2.  List  of  firms  to  whom  this  letter  was  addressed. 

3.  Copies  of  replies  to  Department's  circular  letter. 

4.  Copies  of  letters  of  this  Board  in  answer  to  inquiries  of  steel  makers. 

very  respectfully, 

E.  SIMPSON, 
Bear-Admiral,  U.  S.  K.,  Prendent  of  the  Board. 

Hon.  W.  £.  Chandlsr,  Secretary  ofihe2fa/9y. 


1.  OIIIOULAB. 

Navy  Department, 
Washington,  June  20,  1884. 

GsNTLBMSN :  The  completion  of  the  monitors  Puritan,  Amphitrite,  Monaduock, 
and  Terror  will  undoubtedly  be  authorized  by  Con^tess,  and  the  Department  is  there- 
fore desirous  of  obtaining  early  information  pertiuning  to  the  armor-plates  for  the 
above  vessels,  and  requests  you  to  inform  it  whether  or  not  ^ou  will  be  prepared  to 
mannfactare  such  armor  or  anv  portion  thereof,  and  the  earliest  date  after  signing  a 
contract  at  which  you  can  deliver  the  same. 

The  amount  of  armor  that  will  be  required  is  about  3,000  tons,  and  it  will  be  required 
in  shape  suited  for  side  armor,  turret-plates,  smoke-pipe  plates,  and  ventilator-plates. 
The  thickness  of  the  plates  will  vary  m>m  6  to  17  inches,  and  a  large  number  of  them 
will  be  tapered  in  form.  The  other  dimensions  will  vary  from  15  feet  to  24  feet  in 
length  and  fh>m  6  feet  to  7  feet  in  width. 

&  it  is  desired  that  there  shall  be  the  freest  competition,  the  specifications  will 
admit  bids  for  either  all  steel  or  compound  armor,  ana  this  preliminary  notice  is  ^ven 
so  that  the  Department  may  have  the  earliest  notice  of  the  probability  of  receiving 
bids  from  American  manufacturers. 

Eaoh  bidder  will  probably  be  re^iured  to  submit  with  his  bid  a  specimen  plate  7i 
feet  square  and  of  the  maximum  thickness  which  he  proposes  to  famish,  which  will 
be  tested  in  open  competition  according  to  the  method  that  may  be  prescribed  for 
acceptance. 

Letters  of  inquiry  on  this  subject  will  be  promptly  answered. 

WM.  E.  CHANDLER, 

Secretary  of  the  Naty, 


2.   U0T  OV  8TBBL  WORKS  TO  WHICH  THE  CIRCULAR  WAS  8XMT. 

Nashua  Iron  and  Steel  Company,  Nashua,  N.  H. 
Bridgewater  Iron  Company,  Bridgewater,  Mass. 

*  Norway  Steel  and  Iron  Works. 

Naylor  &  Co.,  fi  Oliver  street,  Boston,  Mass. 

*  Albany  and  Bensselaer  Iron  and  Steel  Company,  Troy,  N.  Y. 
Newark  Steel  Works,  Newark,  N.  J. 

*  New  Jersey  Steel  and  Iron  Company,  Trenton,  N.  J. 

*  Hidvale  Steel  Company,  Nioetown,  Philadelphia,  Pa. 

~~  « Rei^lied.  ~" 
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Betblebem  Iron  Works,  Bethloheni,  Pa. 
PonDsylvaDia  Steel  Works,  Steelton,  Pa. 

*  Staudard  Steel  Works,  220  South  Fourth  street,  Philadelphia,  Pa. 
Black  Diamond  Steel  Works. 

Park  Brothers  &,  Co.,  Pittsburgh,  Pa. 

Edgar  Thomson  Steel  Works,  48  Fifth  avenue,  Pittsburgh,  Pa. 

*  Pittsburgh  Steel  Works,  Pittsburgh,  Pa. 

Spang  Steel  and  Iron  Company,  Limited,  Pittsburgh,  Pa. 
Cambria  Iron  and  Steel  Works,  Johnstown,  Pa. 

*  Tredegar  Iron  and  Steel  Works,  Richmond,  Va. 

*  Cleveland  Rolling  Mill  Company,  Cleveland,  Ohio. 
^  Otis  Iron  and  Steel  Works,  Cleveland,  Ohio. 
Portsmouth  Iron  and  Steel  Works,  Portsmouth,  Ohio. 
North  Chicago  Rolling  Mill  Company.  Chicago,  111. 

*  Springfield  Iron  Company's  Iron  ana  Steel  Works,  Springfield,  111. 


3.   REPLIES. 

Norway  Sleel  and  Iron  Company,  2S  Maton  Building,  Bo$ton,  June^^,  1884. — *'  We  have 
no  means  of  rolling  the  armor  plates  referred  to  in  your  communication.'^ 


The  Albany  and  Bensaelaer  Iron  and  Steel  Company,  Tro^,  N.  T.,  June  25, 1884. — '<  We 
regret  that  our  plant  lacks  the  proper  facilities  for  turning  out  the  material  required, 
therefore  are  unable  to  submit  samples  for  testing  in  competition  with  others." 

The  New  Jersey  Steel  and  Iron  Company,  Trenton  N  J.,  Jttne2l,  1884.—'*  Our  machin- 
ery and  plant  is  not  adapted  to  the  manufacture  of  armor  plate  of  the  dimensionH 
described,  and  we  coul4  not  advantageously  undertake  to  manufacture." 


Tke  Midvale  Steel  Company,  Philadelphia,  June  24,  1684.—'*  We  have  received  the 
Department's  circular  letter,  dated  June  20, 1684,  covering  an  inquiry  for  armor  plate 
for  the  monitors  Amphitrite,  Puritan,  Monadnock,  and  Terror,  contents  of  which  have 
our  careful  attention.  Will  you  be  good  enough  to  inform  us  as  to  the  longest  time 
which  can  be  allowed  for  the  delivery  of  the  first  plate?  We  desire  to  know  this, 
because  certain  preparations  would  be  necessary  before  we  could  undertake  any  snob 
work." 

The  Standard  Steel  Works,  220  South  Fourth  street,  Philadelphia,  Pa.,  June  21,  1884.— 
'*  We  are  in  receipt  of  your  favor  of  the  20th  instant,  asking  for  bids  on  armor  plate ; 
but  as  we  are  not  manufacturers  of  the  article  we  shall  be  unable  to  comply  with 
your  request." 


Anderson,  DuPuv  4-  Co.,  Pittsburgh  Steel  Works,  Pittsburgh,  Pa.,  June  27, 1884.—'*  We 
beg  to  acknowledge  your  favor  of  inquiry  under  date  of  June  20,  with  reference  t-o 
armor  plates.  Replying  thereto,  we  beg  to  say  we  are  not  prepared  with  our  present 
machinery  to  handle  the  heavy  plates  necessary  under  this  call.  As  the  Department 
recently,  we  believe,  purchased  such  plates,  will  you  be  kind  enough  to  inform  us  of  the 
approximate  market  charge  made  to  our  Government  by  the  foreign  manufacturers 
of  this  class  of  steel  that  we  may  better  Inform  ourselves  of  the  advisability  of  look- 
ing towards  its  manufacture?  And,  further,  will  you  be  kind  enough  to  inform  us  as 
to  the  impression  of  our  Government  regarding  the  two  kinds  of  plate,  those  of  solid 
steel,  like  Messrs.  Schneiders,  or  the  compound  plates  as  made  by  the  English  T" 

The  Tredegar  Company,  June2A,  1884. — **  This  company  is  not  prepared  to  make  armor 
plates  of  the  dimensions  you  describe." 

Cleedand  Rolling  Mill  Companif,  Clei^eland,  Ohio,  June  25,  1884.— **  We  have  not  the 
plant  for  rolling  armor  plate  thick  enough  for  the  purpose  named." 

*  Replied. 
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OtU  Iron  and  Steel  Cmvi^pauy,  Cleveland^  Ohio,  Julv  I,  1884. — *^  We  are  prepartxl  to 
cast  plates,  up  to  40  tons  in  weight,  but  cannot  roll  plates  over  2  inches  thicK  " 


Springi/ield  Iron  Company^  SprinafUld,  111.,  July  18, 1884.—^'!  am  soiTy  to  have  to  sa} 
that  we  have  no  rolls  at  present  heavy  enoush  to  make  the  kind  of  plates  which  you 
will  require/  Neither  do  we  at  present*  contemplate  the  erection  of  such  a  train  of 
rollfl.» 


4.  replies  to  questions  of  steel  manufacturebs. 

Naval  Advisory  Board,  Navy  Department, 

Washington  City,  June  26,  1884. 

Mldvale  Stkbl  Company, 

333  Walnui  street,  Philiidelphia : 
Gentusmen  :  Your  letter  of  24th  instant  relating  to  the  supply  of  armor  plates  has 
been  referred  to  this  Board  by  the  honorable  Secretary  of  the  Navy. 

It  is  tbe  opinion  of  the  Board  that  four  months  from  the  date  of  the  advertisemeut, 
which  will  be  issued  as  soon  as  ^n  appropriation  is  made,  is  the  longest  time  \«hich 
ean  be  allowed  for  the  delivery  of  the  test  plates. 
Very  respectfully, 

E.  SIMPSON, 
•  Bear  Admiral,  U,  S,  N.,  President  of  the  Board. 


Naval  Advisory  Board,  Navy  X)epartment, 

Washington  City,  July  1, 1884. 

Messrs.  Anderson,  DuPuy  &  Co., 

Pittslmrgh,  Pa.  : 
Dkar  SiRb:  Your  letter  of  27th  ultimo  has  been  referred  to  this  Board  by  the 
honorable  Secretary  of  the  Navy,  and  in  reply  we  have  the  honor  to  forward  a  copy 
of  the  report  of  the  Secretary  of  the  Navy  for  1883,  in  which,  under  the  bead  of 
'<  armored  vessels,''  yon  will  hnd  tbe  prices  paid  for  the  turret  armor  of  the  Mianto- 
Domoh.  Senate  £x.  Doc,  No.  144,  also  inclosed,  gives  further  information  on  the 
subject. 

Tne  Department  does  not  at  this  time  express  any  preference  for  all  steel  or  for 
uomponnd  armor. 

Ifyou  deem  this  matter  of  sufficient  interest  to  send  a  representative  of  your  iirm 
to  Washington  I  shall  be  glad  to  furnish  him  with  all  information  in  my  hands. 
Very  respectfully, 

£    SIMPSON 
Sear  Admiral,  U.  S,  N.,  President  of  the  Board, 


Naval  Advisory  Board,  Navy  Department, 

Washingtofi  City,  July  5,  1884. 
Otis  Iron  and  Steel  Company, 

Cleveland,  Ohio  : 
Mr.  J.  K.  BoLK : 

Dear  Sir:  Your  letter  of  1st  July,  iu  reply  to  the  Department's  circular  uf^Oth 
ultimo,  has  been  referred  to  this  Board.    Will  you  please  inform  the  Board,  iu  case 
•  proposals  for  armor  are  asked,  whether  you  will  submit  a  plate  tor  test  or  not. 
Very  respectfully, 

E.  SIMPSON, 
Bear  Admiral,  U,  S.  N.,  President  of  the  Board. 

Note. — No  reply  has  been  received  to  the  last  letter. 
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F. 
[Cironlir  to  ateel  mMwifMrtarera.) 

NaTT  DSPABTMXIIT, 

Washington,  Juig  8, 1884. 
The  Allowing  is  printed  for  the  information  of  steel  manofactarere. 

WILLIAM  E.  CHANDLER, 

Swretairy  of  the  Nmvjf. 

Navt  Dbpabtmoent, 
WoBhington,  July  8, 1884. 
Sis:  Referring  to  the  Ciroolar  Letter  of  the  Nayy  Department  to  American  steel 
mannfftctarers,  relatins  to  the  manufacture  of  armor  for  the  monitors,  and  with  the 
object  of  j^roviding  information  called  for  in  the  replies  already  received,  I  submit 
the  following  memoranda,  which  I  recommend  be  communicated  to  those  who  show 
a  desire  to  meet  the  needs  of  the  Navy.  • 

Very  respectfiilly, 

E.  SIMPSON, 
Bsar'AdnUrdl, 
Hon.  W.  £.  Chandler, 

'  Secretary  of  the  Navy. 


OHARACTBB  OV  ABMOB. 

The  Department  is  not  prepared  to  decide  between  all  steel  and  compound  armor. 
The  experiments  abroad  are  not  of  so  decided  a  character  as  to  be  indisputably  ac- 
cepted as  establishing  the  superiority  of  either  of  the  systems  of  manufacture.  At  the 
present  time  the  manufacturer  will  have  to  decide  for  himself  which  system  he  will 
adopt,  the  firing  tests  being  the  same  in  all  cases. 

MODE  OF  MANUFACTURE. 

The  compound  armor  is  manufactured  in  England  under  two  patents,  one  of  Mr. 
EUis,  manager  of  Sir  John  Brown  A  Co.,  and  the  other  of  Mr.  Wilson,  manager  of 
Cammell  &  Co. 

The  method  of  manufacture  of  the  back  plate  is  cMimon  to  the  two  establishments. 
The  iron  is  taken  in  the  puddled  ball  and  rolled  down  to  a  plate  12  inches  by  12 
inches  by  1  inch.  Nine  or  ten  of  these  are  piled  together,  heated,  hammered,  and 
rolled  to  the  same  section  (viz.,  12  inches  by  1  inch),  and  then  cut  into  lengths  of  2 
feet  6  inches.  Eighteen  of  these  bars  are  piled  into  one  furnace  in  three  separate 
piles  of  six  each.  Each  of  these  piles  is  then  rolled,  and  then  the  three  are  piled 
together  and  rolled  to  1  inch  thickness  and  sheared  to  6  feet  by  5  feet;  nine  or  ten  of 
these  plates  are  then  piled  together,  heated,  and  rolled  into  a  shape,  which  should  be 
the  width  of  the  plate  and  about  3  inches  thick.  Six  usually  of  these  are  piled  to- 
gether and  rolled  down  to  the  thickness  of  the  back  plate  required.  The  plate  \b  then 
cut  at  the  end. 

At  Sir  John  Brown's  works  the  steel  facing  is  formed  of  a  steel  plate,  cast  and 
forged,  which  is  laid  over  the  wrought-iron  plate,  the  surfaces  being  kept  apart  by 
several  rows  of  steel  blocks  (distance  pieces)  about  2  inches  in  diameter,  placed  18 
inches  apart ;  the  steel  plate  is  also  supported  at  the  edges.  The  whole  is  then  heated 
and  transported  to  a  vertical  mold  in  a  pit.  One  side  of  the  mold  consists  of  a  mov- 
able plate  which,  after  the  insertion  of  the  armor-plate,  is  forced  up  by  a  ram.  thus 
holding  all  parts  firm  and  preventing  bulging  of  the  face  plate.  The  ladle  with  its 
charge  of  molten  steel  is  then  moved  over  the  mold  and  the  metal  is  run  into  the 
space  between  the  plates,  soldering  them  together.  When  taken  from  the  mold  the 
plate  is  heated  and  passed  through  the  finishing  rolls. 

At  the  works  of  Messrs.  Ci&romell  the  iron  back  plate,  after  heating,  is  placed  in  a 
mold  which  works  on  trunnions.  After  the  plate  is  introduced  the  mold  is  turned  to 
a  vertical  position  and  the  steel  poured,  no  steel  face  being  previously  prepared.  As 
soon  as  the  plate  can  be  taken  irom  the  mold  it  is  placed  again  in  a  furnace,  and  is 
then  rolled  down  to  its  final  thiokness,  in  one  heat,  if  possible. 

Compound  armor  is  manufactured  by  Cammell  &  Co.,  and  by  Sir  John  Brown  & 
Co.,  Sheffield,  England,  and  at  the  following  establishments  in  France,  under  the 
Wilson  patent: 

Acierie  de  la  BCarine,  St.  Cbamond ;  Marrel  Fr^res,  Rive  de  Gier ;  Chatillon  et  Com- 
mentry,  Montlugon. 
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It  18  also  made  at  the  Diieotion  dn  Dillingeu  Hattenwerke,  Dillingen  Saar  Rhieti- 
praase. 

In  the  piooesB  described  above  it  will  be  seen  that  the  hammer  is  nsed  during  the 
early  stages,  but  the  chief  portion  of  the  work  that  is  pnt  into  the  metal  is  done  by 
the  rolls. 

Estimating  on  the  basis  of  the  size  of  the  plates  required  for  the  monitors,  the  man- 
ufacturer can  form  an  idea  of  the  size  and  capacity  of  the  furnaces,  cranes,  rolls,  d!>c., 
required  for  this  work.  These  plates  reach  to  2i  feet  in  length,  7  feet  in  width,  and  vary 
in  thickness  from  7  to  17  inches.  Powerful  presses  are  also  required  to  bend  the  plates 
to  the  required  shapes,  and  special  planiuff-machines  for  fittins  the  plates. 

With  the  exception  of  such  amount  of  all  steel  armor  as  has  been  manufactured  by 
Sir  Joseph  Whitworth  for  his  own  experiments,  the  manufacture  of  this  material  Is 
limited  to  the  works  of  Mr.  H.  Schneider,  at  Le  Oreusot,  in  France.    In  this  manufact- 
ure it  is  recognized  that  the  work  required  to  be  put  into  the  metal  cannot  be  com- 
municated by  the  rolls,  consequently,  a  heavy  plant  for  forging  is  indispensable.    The 
works  at  Le  Creusot  are  equipped  with  the  most  powerful  plant  in  the  world  for  forc- 
ing with  hammers,  hence  they  possess  peculiar  advantages  for  this  kind  of  work. 
The  f(Alowing  list  presents  the  capacity  of  this  establishment  for  focging  purposes: 
One  lUO-ton  hammer,  with  a  fall*  of  16.4  feet. 
One  40-tou  hammer,  with  a  fall  of  9.9  feet. 
One  15-ton  hammer,  with  a  fall  of  9.9  feet. 
Two  10-ton  hammers,  with  a  Ml  of  8.2  feet. 
One  8-ton  hammer,  with  a  fall  of  8.2  feet.  ^ 

The  100-ton  hammer  is  the  largest  in  the  world.  The  anvil-block  is  constructed  in 
six  horizontal  courses.  Each  course  is  formed  of  two  castings,  except  the  upper  one. 
a  sin'gle  block,  whioh  weighs  120  tons  and  supports  the  anvil.  Thus  formed  in  11 
pieces,  it  is  18.4  feet  high,  106  square  feet  at  the  base,  and  23  square  feet  at  the  top. 
Its  entire  wei£[ht  is  720  tons. 

The  foandations  are  composed  of  a  mass  of  masonry  laid  in  cement,  resting  on  bed 
rock,  which  is  found  at  a  depth  of  36  feet.  Its  upper  surface  is  covered  with  a  layer 
of  oak  about  3.3  feet  in  thickness,  on  which  rests  the  anvil-block. 

The  legs  of  the  frame  are  33.6  feet  in  length,  weighing  250  tons,  and  the  entire 
height,  from  base  of  masonry  foundation  to  the  upper  part  of  steam  cylinder,  is  102 
feet.  The  cost  of  such  a  structure  in  the  United  States  would  probably  reach  a  half 
million  of  dollars. 

The  iuffots  for  armor  are  cast  nearly  cubical  in  form,  with  a  head  on  one  surface 
for  the  adjustment  of  the  porter  bar.  A  large  allowance  is  made  for  sinking  head — 
fiiom  S&  to  33  per  cent.  The  ingot  with  porter  bar  in  place  is  heated  in  a  fiimaoe 
near  the  hammer,  and  is  handled  by  curved  Jib  cranes,  which  have  considerable 
capacity  of  sprins,  which  enables  them  to  yield  to  the  effect  of  the  shock  of  the  ham- 
mer. An  ingot  or  75  tons  is  usually  heated  about  eight  times  before  being  reduced 
to  iis  final  shape^  after  which  the  eases  are  cut  off  with  powerful  tools,  some  workine 
as  slotting  machines,  but  others  as  circular  9aws,  which  cut  throueh  18  inches  of  steel. 
The  plates  are  tempered  in  oil,  but  the  exact  requirements  of  uie  subsequent  tests 
are  not  known. 

The  two  systems  of  manufacture  are  thus  generally  presented.  A  moderate  capac- 
ity of  forge  combined  with  large  rolls  is  sufficient  for  the  manufacture  of  compound 
armor,  but  for  steel  powerful  forging  plant  is  necessary. 

As  there  is  now  so  much  capital  invested  in  hanuners  at  Le  Creusot,  there  is  no 
probability  of  any  attempt  being  made  at  that  place  to  develop  the  work  of  forging 
by  the  hydraulic  press,  wnich  has  been  so  triumphantlv  applied  by  Sir  Joseph  Whit-  % 
worth  in  his  manufacture  of  steel  for  gun- tubes,  but  there  can  be  no  doubt  that  the 
press  is  equally  applicable  to  for^n^;  armor-plates,  and  it  is  recommended  to  the 
American  manufacturer  to  take  this  into  serious  consideration  in  embarking  in  this 
new  industry. 

The  cost  of  a  complete  plant  for  the  manufacture  of  compound  armor  would  proba- 
bly be  as  great  as  that  lor  the  manufacture  of  all  steel  armor,  including  a  100-ton 
hammer,  but  if  the  Whitworth  hvdraulic  press  be  substituted  for  the  large  hammer 
there  will  be  much  economy  in  the  adoption  of  steel  armor.  The  question,  then,  to 
be  decided  is,  can  as  good  results  be  obtained  with  one  as  with  the  other. 

COMPARAnVE  TESTS  OV  ARMOR, 

The  following  presents  the  results  of  some  of  the  latest  and  most  important  com- 
petitive trials  between  steel  and  compound  armor : 

In  1880,  a  Cammell  and  a  Schneider  plate  were  tested  at  G&vres  by  the  French  Gov- 
ernment, with  view  to  providing  armor  of  the  most  perfect  type  for  new  armored 
vessels.  The  decision  was  in  favor  of  the  compound  plate,  but  tne  report  laid  great 
Btiess  on  the  possibilities  of  the  development  of  steel,  and  in  order  to  aid  the  Creusot 
works,  a  contract  was  made  with  Mr.  Schneider  for  side  armor  for  one  of  the  ships. 
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-    Wlien  the  seleotod  armor  plates  were  sabseqaently  tested  for  reception,  the  ste«l 
plate  pro^^  to  be  superior  to  the  compound  plate. 

In  1883,  the  Rossian  Government  carried  on  a  oompetitive  trial  between  the  Cam- 
mell  and  Schneider  plates,  at  Oohta,  near  St.  Petersbars.  The  result  was  deddediy 
in  favor  of  the  compound  plate,  but  it  was  evident  that  the  steel  plate  was  not  a  fSair 
sample  of  the  fuannfactnre,  as  its  brittleness  was  apparent  in  its  breaking  up  into 
several  pieces. 

In  November,  1882,  very  famous  trials  were  carried  on  at  Spezsia  by  the  Italian 
Qovemment,  in  which  the  100-ton  sun  was  used  against  the  plates.  The  oontestine 
firms  were  Brown,  Cammell,  and  Schneider.  Each  submitted  a  test  plate  of  10  feet  10 
inches  in  len^^h  bv  8  feet  7  inches  wide  by  16.9  inches  thick.  These  plates  were  fired 
at  with  a  projectile  weighing  2,000  pounds,  a  charge  of  powder  of  328  pounds,  and  a 
striking  energy  per  inch  of  shot  of  372  foot-tons.  At  the  second  round  the  Brown 
plate  was  split  into  six  pieces,  all  of  which  except  one  were  thrown  from  the  target. 

At  the  second  round  the  Cammell  plate  was  smashed  and  knocked  completely  off 
the  target. 

At  the  thiid  round,  a  portion  of  the  center  of  the  Schneider  plate  was  broken  out, 
and  the  upper  ri^ht  quarter  was  displaced.  • 

In  this  competition  the  steel  plate  had  the  decided  advantage,  having  withstood 
the  effect  of  tne  second  round  without  having  its  capacity  of  protection  &8troyed. 

Competitive  trials  have  lately  been  made  by  the  Danish  Qovemment  on  the  island 
of  Amager,  a  suburb  of  Copenhagen,  where  a  firing-ground  is  established.  The  com- 
petitors on  this  occasion  were  four  in  number— Schneider,  Brgwn,  Cammell,  and  Marrel 
Fri^res — ^the  latter  submitting  a  compound  plate  manufactured  under  the  Wilson  pat- 
ent, as  in  the  case  of  the  Cammell  plate.  The  plates  approximated  to  9  inches  in  thick- 
ness, and  were  4  feet  1 1  inches  long  by  6  fee 1 6  inches  i  n  w  id  th.  The  plates  were  bolted 
to  a  9-inch  oak  backing,  with  skin  plating  and  strengthening  plates,  and  stiffened  by 
angle-irons,  and  braced  in  rear  by  heavy  oak  balks. 

The  enns  used  were  a  15  cent.  Krnpp  and  a  10-inch  Armstrong  mussle-loader,  using, 
respectively,  a  charge  of  43  pounds,  with  a  projectile  of  112  pounds,  and  a  charge  of 
69  pounds,  with  a  projectile  of  402  pounds.  One  shot  was  fired  at  each  plate  from  the 
15  cent,  gun,  the  result  being  much  the  same  in  all  cases  so  far  as  the  shot  was  con- 
cerned, as  it  broke  up,  leaving  the  head  sticking  in  the  plates.  The  targets  were  all 
more  or  less  cracked  by  this  gun,  the  order  of  merit  being:  No.  1,  Brown;  J^o.  2,  Cam- 
mell; No.  3,  Schneider;  No.  4,  Marrel. 

The  iirst  rounds  from  the  10-inch  gun  broke  off  the  left  half  of  the  Schneider  plate, 
and  passed  clear  throush  the  other  plates,  the  order  of  merit  being:  No.  1,  Brown; 
No.  2,  Cammell ;  No.  3,  Marrel ;  No.  4,  Schneider.  The  failure  of  the  Schneider  plate 
was  evidently  due  to  brittleness. 

Reviewing  the  competitive  trails  cited  above,  we  may  safely  conclude  that  the  want 
of  consistency  in  the  results  of  the  trials  is  not  due  to  any  want  of  uniformity  in  the 
compound  armor.  This  manufacture  has  reached  a  high  point  of  perfection,  and  the 
plates  are  produced  with  certainty  as  to  their  characteristics. 

Such  imperfections  as  they  exhibit  are  due  to  the  system  of  manufacture,  not  to 
manipulation  of  separate  plates,  all  of  which  exhibit  a  very  uniform  resistance  to 
shot. 

This  has  not  been  shown  to  be  the  case  with  all  steel  plates.  The  cases  cited  above 
show  some  instances  in  which  the  steel  was  superior  and  then  again  inferior  to  the 
compound  armor,  showing  a  want  of  uniformity  in  the  results  of  the  manufacture. 
The  failures  are  always  due  to  brittleness,  but  when  this  element  is  successfully  sup- 
pressed the  comparison  is  in  favor  of  the  steel  plate.  It  would  seem  from  this  that 
the  actual  superiority  of  material  rests  with  the  steel,  but  that  the  problem  of  uni- 
formity in  manufacture  is  yet  to  be  solved. 

The  question  is  a  difilcult  one.  The  hardness  of  the  steel  is  needed  for  the  surface, 
but,  if  this  characteristic  be  continued  through  the  whole  mass,  brittleness  will  en- 
sue ;  the  effort  must  be  made  to  combine  a  hara  surface  with  a  softer  material  behind 
it,  but  this  must  be  achieved  in  one  homogeneous  mass.  The  development  of  thiH 
work  is  steadily  progressing  at  Le  Creusot,  and  the  action  of  the  French  Government 
in  ordering  steel  armor  for  four  new  ships  indicates  its  confidence  in  the  latest  results. 

It  will  thus  be  seen  that  it  is  impossible  for  the  Navy  Department  to  indicate,  aK 
has  been  requested  in  replies  to  a  circular  letter  of  the  Secretary  of  the  Navy,  what 
may  be  its  impression  as  to  the  relative  advantages  of  either  compound  or  all-steel 
armor.  The  question  of  selection  must  be  decided  by  the  manufacturer,  and  the  De- 
partment must  be  guided  by  the  results  of  the  competitive  trials. 

Reports  of  tests,  and  detailed  information  as  to  foreign  armor-plate  manufacture, 
can  be  obtained  by  personal  application  at  the  Navy  Department. 
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BBPOBT  OF  THE  BBITI8H  COMMITTEE  OH  THE  BUILDIHG  AHB 

BEPAIB  OF  8HIP8. 

The  committee  appointed  by  yoar  lordships  on  the  24th  April  last 
*<to  inquire  into  the  conditions  under  which  contracts  are  invited  for 
the  building  or  repairing  of  shixM,  including  their  engines,  for  Her 
Mi^esty's  navy,  and  into  the  mode  in  which  repairs  and  refits  of  ships 
are  effected  in  Her  M^esty's  dock -yards,"  have  considered  the  matters 
referred  to  them,  and  after  examinin*g  witnesses  from  the  Admiralty, 
the  royal  dock-yards,  and  some  of  the  leading  private  ship-building  es- 
tablishments of  the  kingdom,  have  agreed  to  the  following  report: 

The  Order  of  reference  above  quoted  divides  itself  into  two  main 
heads,  the  building  and  repairing  of  Her  Majesty's  ships  under  con- 
tract and  the  repairing  and  fitting  of  ships  in  Her  Majesty's  dock- 
yards, and  though  verbally  limited  in  8C0x>e,  really  involves  the  im- 
portant consideration  of  obtaining,  under  the  best  possible  conditions, 
a  navy  possessing  the  highest  efficiency  in  ships  and  armament. 

I.— The  building  and  repaibino  op  Her  Majesty's  ships  by 

OONTRAOT. 

It  appears  to  the  committee  that  a  comparison  between  the  relative 
cost  of  a  ship  built  in  Her  Mtyesty's  dock-yards  and  under  contract 
.  must  necessarily  to  some  extent  be  misleading. 

The  director  of  naval  construction,  in  the  course  of  his  evidence, 
stated  that  the  first  cost  of  building  a  ship  by  contract  was  not,  on  the 
whole,  in  excess  of  that  of  building  a  similar  ship  in  the  dock-yard,  ex- 
cluding the  ^'establishment  charges."  These  charges,  however,  are  an 
importont  factor  in  the  estimate  made  by  a  contractor  of  the  cost  of  the 
work  he  proposes  to  undertake.  The  comparison  is  further  vitiated  by 
the  fact  that  the  calculation  and  apportionment  to  each  ship  of  the  inci- 
dental or  establishment  charges  is  made  on  a  system  which  does  not 
show  the  entire  cost  of  labor  expended  on  a  dock-yard  built  ship. 

The  evidence  given  by  the  accountant-general  of  the  navy  is  suffi- 
cient to  show  that  the  whole  question  of  incidental  charges  is  so  obscure 
as  torender  unreliable  any  comparison  between  the  cost  of  ship-building 
in  public  and  private  yards.  This  evidence  will  be  found  in  Paper  No. 
17  of  the  appendix,  and  on  reference  to  it  it  will  be  seen  that  in  1882-'83 
the  incidental  charges  actually  amounted  to  44.5  i>er  cent,  upon  the  labor 
of  ships  built  and  repaired  in  the  dock-yards,  or  21.9  per  cent,  upon  labor 
and  materials  united. 

It  has  been  represented  to  the  committee  by  several  witnesses  that  the 
incomplete  and  meager  character  of  the  specifications  furnished  by  the 
admiralty  to  contractors  not  only  increases  the  time  during  which  ships 
are  under  construction,  but  also  materially  enhances  the  cost  of  tbh  work, 
the  contractors  being  under  the  necessity  of  framing  their  estimate  with- 
out possessing  full  knowledge  of  the  extent  and  details  of  the  work  they 
may  be  called  upon  to  perform.  The  contractors,  in  coi^'unction  with 
the  admiralty,  ought,  in  the  opinion  of  the  committee,  to  complete  the 
specifications  and  the  designs,  so  that  the  plans  may  be,  as  far  as  possible, 
agreed  upon  before  the  work  is  commenced.  This  opinion  is  strength- 
ened by  the  evidence  submitted  that  in  the  case  of  several  ships  of  war 
which  have  been  recently  built  in  this  country  for  foreign  powers  speci- 
fications and  drawings  have  been  so  prepared  as  to  enable  the  vessel  to 
be  completed  without  important  changes,  and  in  a  reasonable  time, 
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In  connection  with  this  point  it  may  be  stated  that  some  complaints 
have  been  made  of  the  supervision  ei^ercised  over  contract  work  by  the 
Admiralty  overseers.  The  interests  of  the  public  service,  however,  ap- 
pear to  demand  that  this  supervision  should  be  maintained,  while  as  re- 
gards the  mode  in  which  it  is  exercised,  cases  of  Motion  appear  to  be 
quite  exceptional,  and,  in  the  main,  the  committee  see  no  reason  to 
doubt  that  the  functions  of  the  overseers  are  discharged  discreetly  and 
conscientiously.  They  are  of  opinion  that  arrangements  might  be  made 
by  which  the  contractors  would  be  brought  personally  more  in  contact 
with  the  Admiralty,  and  the  duties  of  the  overseers  more  directed  to  an 
inspection  of  materials  and  workmanship,  and  th^s  avoid  any  Motion 
that  may  arise  under  the  present  system.  They  would,  however,  point 
out  that  as  the  chief  object  of  the  supervision  in  question  is  to  insure  the 
details  of  the  work  being  carried  out  according  to  the  custom  of  Her 
Msgesty's  dock-yards,  it  would  appear  essential  that  the  overseers  should 
have  more  frequent  opportunities  of  keeping  themselves  acquainted  with 
those  details. 

As  regards  the  quality  of  contract  work  as  performed  under  Admiralty 
supervision,  there  appears  to  be  no  difference  of  opinion  whatever,  the 
unanimous  testimony  being  that  it  is  excellent,  and  in  no  way  inferior  to 
that  performed  in  the  dock-yards. 

The  time  occupied  in  building  a  ship  under  contract  compares  favor- 
ably with  the  period  of  construction  in  a  dock-yard,  the  whole  tendency  of 
contract  work  being  to  avoid  delay.  The  progress  of  contract  work  is 
necessarily  retarded  by  the  vagueness  of  the  spedflcation,  which,  it  has 
been  suggested,  is  perhaps  in  some  measure  due  to  the  desire  to  leave 
room  for  the  introduction  of  any  improvements  or  alterations  in  the  fit- 
tings which  may  be  considered  desirable  during  the  time  the  vessel  is 
under  construction.  In  connection  with  this  point,  the  committee,  while 
fully  acknowledging  the  necessity  of  keeping  ships  of  war  abreast  of  the 
most  modern  improvements,  are  of  opinion  that  it  is  desirable  to  discon- 
tinue the  system  of  endeavoring  to  adapt  every  ship  to  the  latest  im- 
provements, whether  in  gunnery  or  mechanical  appliances,  that  may 
arise  during  the  period  she  is  under  construction }  that  vessels  when 
designed  and  laid  down  in  the  dock-yards  or  contracted  for  should  be  com- 
pleted to  receive  the  best  armaments  and  mechanical  inventions  known 
to  exist  [when  laid  down  *],  and  thus  great  expense  would  be  avoided  and 
time  saved.  It  appears  in  evidence  that  in  the  case  of  ships  built  in  the 
dock-yards  at  least  three  years  out  of  six  might  be  saved  by  this  course, 
and  the  committee  consider  that  the  gain  to  the  naval  strength  of  the 
country  by  the  more  rapid  completion  of  vessels  possessing  fittings  of  the 
most  approved  tyx>e  at  the  time  they  were  designed  would  more  than 
counterbalance  any  advantage  that  might  be  gained  by  adopting  the 
latest  improvements,  at  the  cost  of  serious  delay,  during  the  construction 
of  the  ship. 

If  this  course  was  adopted,  the  principal,  and,  indeed,  apparently  the 
only,  disadvantage  under  which  contract  building  labors  would  be  re- 
moved, and  the  area  of  such  building  might  be  extended,  a  result  which 
would  be  attended  by  these  advantages  to  the  country,  that  not  only 
would  the  resources  of  the  dock-yards  be  rendered,  to  a  greater  extent 
than  at  present,  available  for  repairs  and  for  the  building  of  ships  of  an 
experimental  type,  but  familiarity  with  the  art  of  building  war  ships 
would  be  spread  throughout  the  country.  Contractors  would  be  en- 
couraged by  a  more  constant  flow  of  work  to  provide  themselves  with 
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the  necessary  skilled  labor  and  costly  plant,  and  facilities  would  thereby 
be  aftbrded  of  increasing  the  naval  defenses  of  the  empire  at  a  more 
rapid  rate  of  progress  than  at  present. 

As  regards  the  question  of  repairs,  the  case  stands  differently.  On 
l^is  point  also  the  testimony  is  unanimous,  and  it  is  to  the  effect  that 
the  repair  of  Her  Majesty's  ships  by  contract  is  a  costly  and,  unless 
under  very  exceptional  circumstances,  an  undesirable  course  to  adopt 
The  great  difficulty  of  ascertaining  the  extent  of  the  repairs  before  the 
ship  is  opened  np  renders  it  necessary,  in  the  opinion  of  the  Admiralty, 
ibr  the  work  to  be  done  under  a  schedule  of  prices.  There  is,  however, 
abundant  evidence  that  the  system  is  an  expensive  one,  and  by  transfer- 
ring to  the  private  trade  a  portion  of  the  building  it  is  anticipated  that 
the  whole  of  the  repairs  might  be  effected  in  the  dock-yards,  a  course  the 
adoption  of  which  the  committee  would  strongly  recommend.  These 
considerations  naturally  lead  to  the  conclusion  that  it  is  expedient  to 
extend  the  practice  of  building  ships  of  war  by  contract,  but  at  the  same 
time  it  is  obvious  that  a  knowledge  of  Admiralty  requirements,  oom- 
bined  with  practice  in  the  execution  of  Government  work,  are  essential 
to  enable  firms  to  frame  their  estimates  with  moderation  and  aecnracy. 
The  committee  have  it  in  evidence  that  undesirable  results  have  at- 
tended the  acceptance  of  inordinately  low  tenders  made  by  firms  not 
possessing  the  neisessary  experience,  and  while  advocating  the  general 
extension  of  the  practice  of  building  by  contraet,  they  consider  that  re- 
gard should  be  paid  to  the  character  and  experience  of  the  firms  who 
may  subitait  offers,  rather  than  to  the  apparent  economy  which  might 
result  from  the  acceptance  of  an  estimate  based  upon  an  insufficient  ac- 
quaintance with  the  requirements  that  will  be  exacted. 

The  committee,  in  making  these  recommendations,  however,  desire 
that  it  should  be  distinctly  understood  that  they  are  averse  to,  in  any 
way,  diminishing  the  efficiency  of  the  dock-yards.  They  consider  it  to  be 
the  utmost  importance  that  a  competent  constructive  staff  should  be 
maintained  at  these  yards,  and  that  sufficient  building  should  be  re- 
tained there  to  insure  constant  employment  and  perfect  familiarity  on 
the  part  not  only  of  the  constructors,  but  of  the  workmen,  with  the 
latest  details  of  the  most  modem  ships  of  war. 

Strong  evidence  has  been  given  to  show  that  the  great  cause  of  the 
long  delays  that  occur  in  the  completion  of  iron-cl»d  ships,  and  to  a 
large  extent  of  nnarmored  war  vessels  also,  is  the  question  of  ^*  arma- 
ment" The  substitution  in  recent  years  of  heavy  breech-loaiding  guns 
for  muzzle-loading  ordnance,  the  changes  in  the  mountings,  carriages, 
slides,  and  gun  fittings,  the  alteration  of  magazines,  shot-racks,  and 
shell-rooms,  in  consequence  of  the  changes  of  shot,  shell,  and  powder 
charges,  the  adoption  of  machine  guns,  and  the  introduction  of  torpedo 
gear  and  appliances,  are  changes  which  involve  costly  alterations  in  the 
structure  of  ships,  and  delay  their  completion  not  unfrequently  for  some 
years,  owing  to  the  difficulty  which  appears  to  be  experienced  in  arriv- 
ing at  a  decision. 

It  is  also  worthy  of  note  that  the  Admiralty  have  been  hitherto  and 
are  still  exclusively  employing  one  eminent  firm  in  the  north  of  Eng- 
land for  all  hydraulic  mountings  and  loading  appliances  for  the  heavy 
guns  of  the  navy.  Your  committee  are  however  informed  that  the  navy 
now  take  annually  a  vote  of  money  specially  for  gun  mountings,  and  is 
about  to  form  a  staff'  of  designers  of  its  own  at  the  Admiralty. 

Your  committee  are  of  opinion  that  this  is  a  Htei>  in  the  right  direc- 
tion, and  that  the  policy  involved  might  with  advantage  be  carried  still 
further,  nor  can  they  see  any  good  reiwjou  why  the  department,  which 
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is  responsible  to  the  coantry  for  the  ships  and  the  maintenance  of  the 
fleet,  should  not  undertake  the  entire  responsibility  of  procuring  the 
SU.BB  which  the  ships  are  to  qarry. 

These  considerations  lead  us  to  suggest : 

Ist.  That  the  Admiralty  should  obtain  the  armaments  they  require, 
either  through  the  ordnance  department  of  the  war  office,  or  by  direct 
contract  with  private  firms  as  may  from  time  to  time  appear  desirable. 

2d.  That  encouragement  be  given  to  the  general  engineering  talent 
of  the  country  to  design,  manufacture,  and  supply  the  carriage  and 
hydraulic  arrangements  for  working  and  loading  the  guns. 

II.— Repairs  and  rbfits. 

The  term  ^'  repairs  "  is  understood  to  mean  the  removal  of  defects  in 
the  hull  or  in  the  machinery  of  a  ship,  while  by  ^^  refits  "  is  understood 
the  renewal,  adjustment  or  alteration  of  fittings ;  ships  in  reserve  on 
being  brought  forward  for 'commission  appear,  as  a  rule,  to  undergo 
both  repairs  and  refit. . 

The  great  expenditure  which  takes  place  in  the  dock-yards  under 
these  heads  is  stated  in  evidence  to  be  due  in  a  great  measure  to  the 
stringent  examination  entailed  upon  the  professional  officers  by  the  in- 
structions, which  were  rendered  much  more  rigid  in  consequence  of  the 
circumstances  attending  the  loss  of  the  iron  transport  Megssra,  and 
partly  to  the  nature  of  the  supervision  exercised  by  the  captain  of  the 
steam  reserve  and  his  staff. 

The  rale  usuaUy,  though  by  no  means  universally  followed,  appears 
to  be  this:  A  ship  having  completed  her  commission  is  ordered  home 
and  paid  off  into  the  fourth  division  of  reserve,  her  rigging  is  stripped, 
masts  taken  out,  stares  landed,  &c.,  so  that  when  again  brought  forward 
for  commission  a  considerable  expenditure  is  necessary  to  put  her  back 
into  the  condition  (which  may  have  been  a  practically  serviceable  one) 
in  which  she  was  when  paid  off. 

However  necessary  it  may  be  that  ships,  after  say  two  commissions 
in  a  hot  climate,  should  undergo  the  most  searching  and  thorough  over- 
haul before  being  again  sent  to  sea,  such  a  course  may  not  ordinarily 
be  essential  after  a  shorter  period  of  service.  The  director  of  naval 
construction,  in  the  course  of  his  evidence,  stated  that  ships  with  iron 
or  steel  frames  now  come  home  at  the  end  of  a  commission  in  almost  as 
perfect  a  condition  as  that  in  which  they  went  out,  notwithstanding 
which  they  are,  on  paying  off,  placed  in  the  fourth  division  of  reserve, 
and  when  again  brought  forward  for  commission  the  instructions  require 
the  dock-yard  officers  to  give  a  certificate  that  there  is  nowhere  a  defect 
in  them. 

These  observations  apply  no  less  to  the  unarmored  than  to  the  ar- 
mored ships  of  Her  Majesty's  navy,  and  in  connection  with  this  point 
the  committee  would  submit  for  consideration  whether  it  is  not  possible 
to  adopt  at  the  home  yards,  to  a  larger  extent  than  is  now  the  case,  the 
practice  successfully  carried  out  at  Malta,  Hong-Kong,  Bermuda,  &c., 
of  paying  off  ships  all  standing  and  sending  them  out  on  a  second  com- 
mission after  undergoing  only  such  repairs  as  may  be  necessary  to  in- 
sure their  fitness  for  the  service  on  which  they  are  to  be  employed. 

While  dealing  with  repairs  and  refits  it  appears  to  us  that  advantages 
would  result  from  adopting  in  some  cases  a  varied  mode  of  paying  off 
vessels,  and  that,  where  they  had  been  employed  only  one  (or  perhaps 
two  commissions)  and  are  likely  to  be  brought  forward  at  an  early  date 
for  recommission,  they  might  not  be  relegated  to  the  fourth-class  reserve. 
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From  evidence  it  appears  that  very  considerable  expense  is  incurred  ija 
preparing  a  ship  for  a  new  commission,  which  in  many  cases  might  be 
saved  when  her  condition  was  snch  as  to  satisfy  the  dock-yard  officers 
that  shQ  might  be  brought  forward  for  service  without  that  amount  of 
^^  stripping  "  and  ^'tearing  up  ^  which  the  dock-yard  rules  now  require  in 
the  case  of  all  ships  brought  forward  fix)m  the  fourth-class  reserve. 

Where  this  suggestion  is  intended  to  apply  it  is  to  be  understood  that 
it  in  no  way  contemplates  relieving  the  Admiralty  officers  from  their 
present  responsibility  that  the  ship  when  refitted  shall  be  seaworthy 
and  efficient.    •    •    • 

In  concluding  this  report  the  committee  desire  to  express  an  opinion 
that  very  carefal  consideration  should  be  given  before  liixge  expenditure 
is  incurred  upon  structural  repairs  of  Her  Majesty's  ships,  especially 
those  in  the  transport  service. 

The  great  improvements  and  economies  effected  in  the  design,  con- 
struction, and  machinery  of  ships  of  late  years  render  vessels  rapidly 
obsolete,  and  it  appears  to  the  committee  that  the  practice  prevailing 
in  large  mercantile  companies  of  adding  new  ships  to  their  fleet  in  pref- 
erence to  making  large  expenditure  on  old  vessels  is  well  worthy  of  the 
consideration  of  the  Admiralty. 

The  committee  desire  to  add  that  on  the  occasion  of  their  visiting 
Chatham  dock-yard  it  came  to  their  notice  that  some  of  the  tools  em- 
ployed in  ship-building  were  of  an  obsolete  character,  which  must  neces- 
sarily increase  the  cost  of  the  work,  and  they  regret  that  want  of  time 
prevented  them  fh>m  visiting  other  of  the  home  dock-yards. 

RAVBNSWORTH  (Ohaimum). 

DASL.  GOOOH. 

W.  OODEINGTON. 

0.  M.  NORWOOD. 

OHAS.  M.  PALMER. 

JOHN  BURNS. 

THOS.  H.  ISMAT. 

JOSEPH  D'A.  SAMUDA. 
Francis  H.  Miller, 

Secretary. 


MEMORANDUM  APPENDED  BY  MR.  SAMUDA. 

I  concur  in  this  report  so  far  as  it  goes,  but  in  signing  it  I  desire  to 
annex  observations  and  conclusions  that  I  consider  important  to  form 
part  of  it,  and  I  desire  them  to  be  taken  as  a  part  of  the  conclusions  I 
have  arrived  at. 

(1)  That  a  change  in  preparing  specifications  may  with  much  advan- 
tage be  introduced,  and  that  great  improvement  would  result  from  so 
preparing  the  8i>ecification  before  contracting  for  vessels  as  would  prac- 
tically reveal  the  work  required  to  be  done,  and  importantly  reduce  the 
number  of  clauses  which  at  present  are  left  without  explanation  and  are 
reserved  to  be  dictated  to  the  contractor  during  the  progress  of  the  work 
by  the  overseer  or  to  be  submitted  to  and  approved  by  him.  This  would 
practically  leave  to  the  builder  the  filling  up  of  the  details  generally 
where  not  fully  explained  in  the  specification  and  submitting  them  for 
approval  to  the  constructive  department,  and  would  confine  the  over- 
seer to  the  duty  of  inspecting  the  quality  of  the  work  and  materials, 
relieved  Arom  the  greater  authority  he  at  present  exercises  as  a  director 
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of  all  the  work,  as  well  as  an  inspector  of  its  quality,  while  the  intro- 
daction  of  these  changes  in  specifiying  and  in  carrying  oat  Admiralty 
contracts  would  result  in  a  great  saving  of  cost,  and  would  enable  the 
vessel  to  be  completed  in  the  contract  time,  which  under  the  present 
system  is  not  found  to  be  practicable. 

(2)  That  as  regards  the  more  important  vessels — ^notably  armor- 
clads — ^the  building  of  those  contracted  for  should  be  confined  to  such 
,  firms  only  as  by  reason  of  their  extensive  plant  and  means  of  executing 
the  heaviest  work,  and  through  their  previously  great  acquired  expe- 
rience, would  be  capable  of  lightening  the  work  of  the  Admiralty  con- 
staructors  in  dealing  with  the  enormous  amount  of  detail  needed  for  car- 
rying out  such  contracts,  and  could  safely  be  intrusted  to  submit  for 
their  approval  suitable  arrangements  for  giving  effect  to  the  same,  and 
then,  due  regard  being  taken  to  insure  the  work  being  contracted  for  at 
fair  prices,  such  firms  should  be  encouraged  to  expect,  and  should  be 
kept  supplied  continuously  as  far  as  possible  with,  vessels  of  this  im- 
portant class,  so  as  to  keep  their  staff  and  establishment  always  avail- 
able for  these  national  works. 

(3.)  While  as  regards  ships  of  less  importance— <;ruisers,  dispatch 
vessels,  and  smaller  craft^the  Admiralty  list  of  contractors  might  with 
advantage  be  considerably  enlarged ;  but  even  after  doing  so  it  would 
appear  most  desirable  to  confine  it  to  houses  of  known  experience  and 
skill,  and  capable  of  assisting  the  Admiralty  by  bringing  special  knowl- 
edge to  bear  in  completing  the  details  from  the  Admiralty  drawings  to 
the  approval  of  the  constructors'  department,  and  in  whom  sufQcient 
confidence  could  be  reposed  to  intrust  them  to  give  general  effect  to  the 
same,  so  as  to  confine  the  overseer  to  the  duty  of  inspecting  the  quality 
of  the  work  and  materials,  relieved  from  the  position  of  a  director,  as 
previously  explained. 

(4)  A  further  national  advantage  would,  in  my  opinion,  be  obtained 
by  following  more  nearly  in  ship-building  contracts,  on  suitable  occa- 
sions, the  course  which  appears  to  have  been  most  successfully  adopted 
in  contracting  for  the  engines  of  Her  Majesty's  navy — that  is  to  say,  by 
the  Admiralty,  in  contracting  for  ships,  supplying  to  those  special  and 
experienced  firms  a  programme  of  the  general  features,  powers,  per- 
formances, guns  to  be  carried,  and  coal  endurance  they  desire  to  obtain, 
and  availing  themselves  of  such  suggestions  for  giving  effect  to  those 
conditions  as  the  outside  talent  of  the  country  can  supply,  and  thus 
adding  to  the  knowledge  within  the  Admiralty  that  which  exists  with- 
out, and  obtaining  for  the  country  the  advantage  of  both  in  designing 
and  constructing  the  national  fleet. 

This  suggestion  is  not  intended  to  convey  application  from  the  Ad- 
miralty for  competitive  designs,  but  to  intrusting  to  any  special  and 
suitable  firm,  after  having  completed  preliminary  arrangements  with  it 
for  the  construction  of  the  ship,  the  opportunity  of  submitting  its  own 
design  to  give  effect  to  the  Admiralty  wants. 

JOSEPH  D'A.  SAMUDA. 
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OOHTEAOT  FOB  HULL  OF  HBE  XAJBSTTS  SHIP  <'  .'*• 

It  is  Contracted  and  Agreed  upon  this  day  of  in  the  yeftr 

of  our  Lord  one  thousand  eight  hundred  and  between 

hereinafter  designate  ^^the  Oontractors  "  of  the  one  part 
and  the  Commissioners  for  executing  the  Office  of  Lord  High  Admi- 
ral of  the  United  Kingdom  of  Great  Britain  and  Ireland  for  and  on 
behalf  of  Her  Msyesty  Her  Heirs  and  Successors  hereinafter  desig- 
nated '<the  Commissioners"  of  the  other  part  as  follows  that  is  to 
say— 

1.  The  Contractors  do  hereby  agree  with  the  Commissioners  that  in 
consideration  of  the  payments  herein-after  stipulated  to  be  made  to  them 
the  Contractors  they  will  at  by  the  one  thou- 
sand eight  hundred  and  to  the  satisfaction  of  the  Com- 
missioners and  at  their  own  cost  risk  and  expense  including  dock  dues 
and  charges  and  in  a  proper  and  workmanlike  manner  and  of  tbe  best 
materials  and  in  conformity  with  the  tracings  and  plans  furnished  to 
them  and  sanctioned  by  the  Commissioners  and  to  the  spedftcation 
hereunto  annexed  (marked  A)  build  launch  dock  if  necessary  and  float 
out  of  dock  ready  to  receive  her  armament  and  in  all  respects  complete 
as  required  by  this  contract  a  for  Her  Mi^ty's 
Service  and  deliver  the  same  so  complete  as  aforesaid  and  with  the  en- 
gines fixed  on  board  safely  afloat  at  any  place  in  the  port  in  which  she 
is  built  that  the  Commissioners  may  direct  into  the  charge  of  sudi  per- 
son or  persons  as  the  Commissioners  may  appoint  to  receive  tilie  same 
but  without  prejudice  to  subsequent  surveys  and  trials  wherever  the 
Commissioners  may  direct  Provided  always  that  such  work  as  cannot 
be  completed  before  the  engines  are  put  on  board  shall  be  completed  by 
the  Contractors  without  any  extra  charge  for  the  same  during  the  time 
the  engines  are  being  flxed. 

2.  And  the  Contractors  do  further  agree  with  the  Commissioners 
that  the  said  vessel  shall  be  built  exceedingly  strong  and  that  the  hull 
of  the  said  vessel  includiug  the  fittings  of  the  hull  and  ^1  internal 
arrangements  of  cabins  store-rooms  magazines  shell-rooms  and  other 
fittings  shall  be  entirely  completed  by  them  the  Contractors. 

3.  And  it  is  further  agreed  that  the  Commissioner  and  their  officers 
shall  have  tuJl  power  to  declare  before  final  payment  is  made  whether 
the  vessel  is  completed  for  sea  in  the  terms  of  this  Contract  not  only 
as  regards  materials  and  workmanship  but  also  as  to  equipment  (so  far 
as  required  by  this  Contract  on  the  i>art  of  the  Contractors)  And  it  is 
further  agreed  that  no  claim  for  extra  work  or  for  alterations  of  work 
deviations  or  omissions  of  any  kind  in  the  specification  is  to  be  made 
or  allowed  on  any  account  whatever  except  the  same  shall  have  been 

*  Kxtract  from  the  appendix  of  the  report  of  the  British  committee  on  the  building 
iind  repairs  of  ships,  bein^^  the  form  nsed  bv  the  Board  of  Admiralty  in  contracting 
with  a  private  party  for  the  construction  of  a  ship. 
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previously  agreed  to  in  writing  and  that  no  claim  for  any  extra  payment 
shall  be  made  or  allowed  for  or  on  account  of  the  rejection  of  improper 
materials  or  of  the  reinstating  of  defective  or  improper  workmanship. 

4.  And  the  Contractors  do  also  covenant  and  agree  that  the  said  ship 
shall  be  launched  and  ready  to  receive  her  engines  and  machinery  or 
if  built  in  a  dock  shall  be  ready  to  receive  her  engines  and  machinery 
by  the 

5.  And  it  is  hereby  further  agreed  by  the  Contractors  and  the  Com- 
missioners that  the  service  and  formalities  usual  in  Her  Majesty's  Serv- 
ice shall  be  observed  at  the  launch  of  this  ship  the  officiating  minister 
to  be  selected  by  the  Commissioners  and  the  Contractors  hereby  under- 
take to  give  timely  notice  to  the  Commissioners  of  the  proposed  date  of 
launching  in  order  that  the  Commissioners  may  select  the  Minister. 

G.  And  the  Contractors  do  further  agree  that  the  said  vessel  shall  be 
placed  after  launching  or  floating  out  of  dock  in  a  berth  where  she 
cannot  possibly  touch  the  ground  at  any  time  of  the  tide  while  receiv- 
ing her  machinery  or  being  completed  such  berth  to  be  previously  ap- 
proved of  by  the  Controller  of  the  Navy  for  the  time  being. 

7.  And  the  Contractors  do  further  agree  to  afford  the  Overseers  who 
may  from  tinore  to  time  be  appointed  by  the  Commissioners  in  connexion 
with  the  works  to  be  performed  under  this  Contract  any  assistance  they 
may  require  yi  obtaining  the  weight  of  steel  iron  and  other  metal  and 
the  quantity  of  wood  and  other  materials  either  in  the  ship  or  intended 
for  her. 

8.  And  it  is  hereby  further  agreed  by  the  Contractors  and  the  Com- 
missioners that  the  several  clauses  articles  powers  provisoes  matters 
and  things  mentioned  and  contained  in  the  Specification  hereunto  an- 
nexed and  in  the  drawings  before  mentioned  referred  to  and  not  herein 
or  hereby  altered  shall  be  as  fully  and  effectually  binding  on  the  Con- 
tractors and  the  Commissioners  respectively  as  if  the  same  had  been 
particularly  repeated  and  expressed  in  the  body  of  this  present  Con- 
tract Agreement. 

9.  And  in  consideration  of  the  Contractors  building  completing  and 
delivering  the  said  vessel  ready  for  sea  within  such  spnecified  time  and 
at  such  place  and  in  the  manner  aforesaid  the  Commissioners  do  hereby 
agree  on  behalf  of  Her  Majesty  Her  Heirs  and  Successors  that  the  Con- 
tractors shall  be  paid  for  the  said  vessel  by  bills  on  Her  Majesty's  Pay- 
master-General payable  in  three  days  from  and  after  the  respective  dates 
thereof  the  sum  of 


pounds 
and  such  8un\  is  hereby  declared  and  agreed  to  be  the  full  compensation 
for  the  said  vessel  exclusive  of  her  engines  and  complete  as  herein  men- 
tioned without  any  other  charge  expense  or  demand  whatsoever  and 
the  said  sum  shall  be  paid  in  the  manner  at  the  times  and  in  the  instal- 
ments following  or  at  such  other  times  and  in  such  other  instalments 
as  the  Commissioners  may  think  proper  to  direct  that  is  to  say — 

10.  And  in  case  the  Contractors  shall  fail  or  neglect  to  complete  the 
said  vessel  in  all  respects  as  required  by  this  Contract  and  in  a  fit  state 
to  be  delivered  into  the  charge  of  such  person  or  persons  as  aforesaid  on 
or  before  the  said  day  of  one  thousand  eight  hundred 

and  in  accordance  with  this  Contract  then  and  in  that 

case  the  price  or  sum  agreed  to  be  paid  by  the  Commissioners  for  the 


58  ORDNANCE    AND   WAR   SHIPS. 

said  vessel  in  clause  0  of  this  Contract  shall  be  aud  the  same  is  hereby 
varied  as  to  amoant  aud  the  same  shall  be  and  be  taken  to  be  lessened 
and  diminished  by  the  sum  of 


pounds  daily  and  every  day  for  each  day  which  shall  elapse  between 
the  day  of  one  thousand   eight  hundred  ajid 

and  the  day  on  which  the  said  vessel  shall  be  delivered 
into  the  charge  of  the  person  or  persons  aforesaid  in  accordance  with 
this  Contract 


[If  the  engines  for  the  said  vessel  shall  not  be  delivered  by  their  makers 
ready  to  he  fixed  on  board  by  the  * 


then  provided  that  on 
or  before  that  date  the  said  vessel  is  ready  to  receive  her  engines  and 
shall  have  been  placed  or  offered  to  be  placed  by  the  Contractors  in  the 
hands  of  the  makers  of  the  engines  to  fix  the  same  on  board  (the  readi- 
ness or  otherwise  of  the  vessel  to  receive  her  engines  as  aforesaid  to  be 
determined  by  an  Officer  or  Officers  of  the  Commissioners  appointed 
for  the  purpose)  the  lessening  of  the  price  specified  in  Clause  9  shall 
not  commence  to  be  made  or  take  effect  until  the  expiration  of 

days  (inclusive  of  Sundays  and  holidays)  from  the  day  on  i 
which  the  engines  shall  be  delivered  ready  to  be  fixed  as  aforesaid  | 
Provided  further  and  it  is  hereby  declared  aud  agreed  that  the  amount 
of  the  said  lessening  of  the  price  aforesaid  if  and  when  the  same  shall 
be  made  and  take  effect  shall  be  taken  from  and  deducted  out  of  the 
final  instalment  mentioned  in  the  said  Clause  9]. 

11.  And  it  is  hereby  further  declared  and  agreed  that  in  case  at  any 
time  during  the  building  of  the  said  vessel  any  strike  or  stand-out  of 
any  of  the  workmen  usually  employed  by  the  Contractors  in  building 
the  same  or  in  preparing  the  iron  or  other  materials  for  the  same  shall 
take  place  and  if  in  consequence  thereof  such  workmen  shall  be  absent 
from  or  refuse  to  work  in  and  about  the  same  and  in  case  notice  in 
writing  of  any  such  strike  or  standout  shall  be  immediately  given  by 
the  Contractors  or  their  representatives  to  the  Commissioners  then  and 
in  such  case  so  much  further  time  shall  be  allowed  for  building  and 
completing  the  said  vessel  as  shall  be  necessary  and  proper  to  be  al- 
lowed according  to  the  time  the  said  workmen  or  any  of  them  shall  be 
absent  from  or  shall  so  refuse  to  work  as  aforesaid  such  time  to  be  as- 
certained  and  decided  by  a  reference  to  the  Controller  of  the  Navy  for 
the  time  being  whose  decision  thereupon  is  to  be  final  and  binding  on 
all  parties  hereto  and  that  such  lessening  of  the  sum  agreed  under 
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Glaase  10  of  this  Contract  to  be  paid  by  the  Commissioners  for  the  said 
vessel  shall  be  calonlated  from  snch  extended  time. 

12.  And  it  is  further  agreed  that  the  final  payment  above-mentioned 
thatshallbedneforthesaid  vessel  nnderthis  Contract  shall  be  paid  when 
the  Officer  or  Officers  of  the  Commissioners  appointed  to  make  the  final 
survey  shall  have  certified  that  she  has  1>een  completed  of  good  mate- 
rials and  workmanship  and  has  been  delivered  safely  afloat  by  the  Con- 
tractors and  that  the  whole  of  the  works  and  materials  heve  been  per- 
formed and  finished  in  every  respect  according  to  the  tenor  of  this  Oon- 
tsact  and  to  the  specification  and  drawings  but  subject  nevertheless  to 
the  provisoes  contained  in  Clause  13  of  this  Contract  and  when  the  draw- 
ings by  which  the  said  vessel  was  built  shall  have  been  delivered  up  by 
the  Contractors  to  the  Department  of  the  Controller  of  the  Kavy. 

13.  Provided  nevertheless  that  should  it  be  considered  desirable  by 
the  Commissioners  that  any  of  the  works  required  by  this  Contract  to 
be  performed  and  completed  by  the  Contractors  should  not  be  so  per- 
formed and  completed  by  them  or  should  any  works  be  left  by  them  in 
an  unfinished  state  and  the  Commissioners  shall  be  thereby  compelled 
or  shall  choose  to  complete  the  same  then  in  either  or  both  of  such  cases 
the  Overseer  or  Overseers  is  or  are  to  furnish  the  Contractors  with  a  list 
of  such  works  and  the  said  Overseer  or  Overseers  and  the  Contractors 
shall  together  prepare  an  estimate  in  detail  of  the  cost  and  expense  of 
completing  the  said  works  and  the  estimate  so  prepared  shall  be  sub- 
mitted to  the  Controller  of  the  Navy  by  the  said  Overseer  or  Overseers 
and  if  approved  by  him  both  in  respect  of  the  works  and  of  the  cost  and 
expense  of  completing  them  the  amount  so  arrived  at  or  so  much  thereof 
as  the  said  Controller  of  the  Navy  shall  consider  chargeable  against  the 
Contractors  shall  be  deducted  by  the  Commissioners  from  any  money  re- 
maining to  be  paid  to  the  Contractors  under  this  or  any  other  Contract 
or  the  amount  of  such  cost  and  expense  or  any  part  thereof  shall  be  a 
debt  due  to  Her  Majesty  and  be  recoverable  as  such  with  full  costs  of 
suit  And  Id  the  event  of  the  said  Overseer  or  Overseers  and  the  Con- 
tractors not  agreeing  to  the  list  of  works  to  be  considered  as  left  unfin- 
ished under  this  Contract  or  to  the  estimated  cost  of  completing  such 
w<}rks  the  said  Overseer  or  Overseers  and  the  Contractors  shall  furnish 
to  the  Controller  of  the  Kavy  separate  lists  in  detail  of  such  works  as 
they  respectively  consider  unfinished  as  aforesaid  and  estimates  of  the 
cost  and  expense  of  completing  them  in  order  that  the  Controller  of  the 
Navy  may  decide  and  determine  thereon  and  the  decision  of  the  said 
Controller  shall  be  final  and  binding  on  the  Contractors  and  the  Com- 
missioners respectively  and  the  terms  of  settlement  shall  be  the  same 
as  herein-before  specified  Or  the  Commissioners  may  if  they  prefer  so 
to  do  perform  and  complete  the  said  works  or  any  of  them  and  the  cost 
and  exx>ense  of  performing  and  completing  them  or  any  of  them  together 
with  the  charges  incidental  thereto  shall  be  deducted  or  recovered  by 
the  Commissioners  as  and  in  manner  aforesaid. 

14.  And  the  Contractors  do  further  covenant  promise  contract  and 
agree  to  and  with  the  Commissioners  that  they  the  Contractors  shall  and 
will  at  their  own  proper  costs  and  charges  insure  or  cause  to  be  insured  in 
the  joint  names  of  the  Commissioners  and  the  Contractors  the  said  vessel 
in  some  one  or  more  of  the  most  respectable  offices  in  the  United  King- 
dom of  Great  Britain  and  Ireland  for  insurance  of  buildings  against  fire 
to  be  approved  of  by  the  said  Commissioners  to  such  amount  as  herein- 
after in  that  behalf  expressed  that  is  to  say  when  the  vessel  shall  be  so 
far  advanced  or  such  materials  provided  as  to  entitle  the  Contractors  to 
payment  of  the  first' instalment  on  the  said  vessel  the  said  vessel  shall 
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be  insured  for  the  full  term  of  the  Contract  in  an  amount  not  less  tbau 
the  amount  of  the  said  first  instalment  and  the  Contractors  shall  and  will 
previously  to  the  payment  to  them  of  the  said  first  instalment  piodaoe  to 
and  lodge  with  the  Commissioners  for  the  time  being  the  policy  or  poli- 
cies of  insurance  effected  in  that  behalf  and  shall  and  will  pay  or  cause 
to  be  paid  the  premium  or  premiums  in  respect  of  every  such  policy  or 
policies  from  time  to  time  until  the  said  vessel  shall  be  completed  fin- 
ished and  delivered  safely  afloat  ready  for  sea  to  Her  Miyesty's  officers 
as  herein-before  mentioned  and  which  policy  or  policies  of  insurance 
shall  in  the  meantime  remain  with  the  Commissioners  as  a  security 
(in  case  of  fire)  for  the  several  sums  of  money  which  they  shall  have  ad- 
vanced to  the  Contractors  for  or  on  account  of  the  building  of  the  said  ves  - 
sel  or  of  their  Contract  on  that  behalf    And  when  and  as  the  works  of  the 
said  vessel  shall  be  so  far  advanced  as  to  entitle  the  Contractors  to  pay- 
ment of  any  of  the  subsequent  instalments  and  previously  to  receiving 
the  respective  bills  for  the  amount  thereof  the  Contractors  shall  and  will 
insure  the  work^  of  and  the  materials  provided  for  the  said  vessel  for  the 
full  term  of  the  contract  as  aforesaid  in  the  joint  names  and  in  man- 
ner aforesaid  in  the  additional  amount  of  every  such  instalment  and 
previously  to  the  payment  of  every  such  instalment  produce  to  and 
lodge  with  the  Commissioners  the  policy  or  policies  effected  in  that  be- 
half for  the  purpose  before  mentioned  and  pay  or  cause  to  be  paid  the  sev- 
eral premiums  of  insurance  in  respect  of  such  policies  from  time  to  time 
until  the  completion  and  delivery  of  the  said  vessel  in  manner  herein- 
before mentioned   Provided  always  that  the  total  amount  of  the  policy 
or  i)olicies  of  insurance  effected  in  any  one  office  and  being  in  force  at 
one  and  the  same  time  shall  not  exceed  fifty  thousand  pounds   And  if  the 
Contractors  at  any  time  or  times  do  not  effect  and  keep  in  force  any  sncli 
insurance  or  insurances  as  aforesaid  or  do  not  produce  to  and  lodge  with 
the  Coqamissioners  any  such  policy  or  policies  as  aforesaid  or  do  not  pay 
any  such  premium  or  premiums  as  aforesaid  then  and  in  any  or  either 
of  such  cases  it  shall  be  lawful  for  but  not  imperative  upon  the  Com- 
missioners  if  and  so  long  as  they  think  fit  to  effect  and  keep  in  force  any 
such  insurance  or  insurances  as  aforesaid  and  to  pay  such  premium  and 
premiums  as  may  be  necessary  for  that  purpose  and  the  Contractors 
shall  and  will  pay  to  Her  Majesty's  Paymaster-Oeneral  the  amount  or 
amounts  which  may  at  any  time  or  times  be  expended  by  or  by  the  di- 
rection of  the  Commissioners  for  such  purpose  or  the  amount  or  amounts 
thereof  may  at  the  discretion  of  the  Commissioners  be  deducted  from 
any  money  which  may  at  any  time  or  times  be  or  become  due  or  paya- 
ble to  the  Contractors  under  this  or  any  other  Contract   And  it  is  hereby 
agreed  that  in  case  the  said  vessel  or  any  part  thereof  or  the  materials 
provided  or  any  part  thereof  shall  be  destroyed  or  damaged  by  fire  then 
the  same  shall  at  the  costs  and  charges  of  the  Contractors  or  by  and  out 
of  the  moneys  to  be  received  under  or  by  virtue  of  such  insurance  or 
insurances  with  all  possible  speed  be  rebuilt  or  repaired  and  put  in  the 
same  state  and  condition  in  every  respect  and  with  materials  and  work- 
manship of  equal  goodness  as  before  the  happening  of  such  fire  and  the 
said  materials  reprovided  without  any  charge  or  expense  to  the  Commis- 
sioners or  to  Her  Majesty  Her  Heirs  and  Successors. 

15.  And  it  is  hereby  covenanted  and  agreed  by  and  between  the  said 
parties  hereto  that  in  case  the  said  vessel  or  any  part  thereof  or  the  ma- 
terials provided  or  any  part  thereof  sball  happen  to  be  destroyed  or 
damaged  by  fire  during  the  continuance  of  such  insurance  or  insurances 
all  such  sum  or  sums  of  money  as  shall  be  receivable  upon  the  policy  or 
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policies  so  to  be  effected  as  aforesaid  shall  be  paid  into  the  hands  of 
Her  Majesty's  Paymaster-General  for  the  time  being  and  be  issued  to 
the  Contractors  by  bills  payable  in  three  days  from  and  after  the  re- 
spective dates  thereof  by  such  instalments  as  the  Commissioners  for  the 
time  being  shall  think  proper  according  to  the  progress  made  by  the 
Contractors  in  rebnilding  or  repairing  such  vessel  and  in  the  reprovid- 
ing  of  the  said  materials  after  the  happening  of  such  fire  as  aforesaid. 
16.  And  it  is  hereby  also  covenanted  and  agreed  by  and  between  the 
said  parties  hereto  that  if  the  said  Contractors  shall  fail  in  the  perform- 
ance of  this  Contract  or  shall  neglect  to  carry  on  the  work  and  complete 
the  said  vessel  conformably  to  this  Contract  or  shall  become  bankrupt 
or  insolvent  or  make  any  conveyance  or  assignment  of  their  or  his  estate 
and  effects  or  any  part  thereof  for  the  benefit  of  their  or  his  creditors 
then  and  in  such  case  or  cases  the  said  vessel  or  so  much  of  the  said 
vessel  as  shall  have  been  constructed  at  the  time  of  such  failure  or  neg- 
lect and  also  all  the  works  made  and  executed  or  in  process  of  execution 
under  this  Contract  and  also  such  iro^  steel  timber  (whether  converted 
or  not)  and  other  materials  and  things  whether  applicable  or  not  to  any 
purpose  in  the  building  of  the  said  vessel  and  whether  paid  for  or  not 
as  shall  found  in  or  about  the  premises  where  the  said  vessel  shall  be 
building  or  such  part  thereof  as  shall  be  approved  by  the  Commissioners 
shall  be  the  property  of  Her  Majesty  the  Commissioners  for  the  time 
being  paying  for  such  works  as  shall  have  been  performed  towards 
building  the  said  vessel  what  the  Controller  of  the  Navy  or  such  other 
person  or  x>ersons  as  the  Commissioners  shall  direct  to  survey  and  value 
the  same  shall  certify  them  to  be  the  amount  of  the  value  thereof  with 
reference  to  the  sum  of  pounds  herein-before  mentioned 

and  agreed  upon  by  and  between  the  said  parties  and  also  paying  for 
the  said  iron  steel  timber  and  other  materials  for  the  construction  of  the 
said  vessel  as  aforesaid  or  as  shall  be  found^n  or  about  the  said  prem- 
ises such  sum  as  the  said  Controller  or  such  other  person  or  persons  as 
aforesaid  shall  certify  to  be  the  value  thereof  deducting  from  the  total 
amount  payable  to  the  Contractors  the  amount  of  such  Kavy  Bill  or 
Bills  as  shall  have  been  made  out  and  delivered  to  them  and  also  de- 
ducting therefrom  the  sum  or  sums  of  money  by  way  of  stipulated  and 
ascertained  damages  herein-after  referred  to  and  also  the  value  of  any 
timber  iron  steel  copper  mixed  metal  and  other  articles  which  may  have 
been  supplied  to  the  Contractors  by  Her  Majesty  but  if  the  amount  of 
the  said  Navy  Bill  or  fiiUs  and  sum  or  sums  aforesaid  and  value  of  the 
said  timber  iron  steel  copper  mixed  metal  and  other  articles  so  supplied 
by  Her  Majesty  shall  be  greater  than  the  value  of  the  said  works  iron  steel 
timber  and  other  materials  and  things  at  the  time  of  the  survey  and 
valuation  thereof  above-mentioned  then  and  in  such  case  the  Contract- 
ors do  hereby  covenant  promise  and  agree  to  refund  to  the  Commission- 
ers all  and  every  such  sum  and  sums  of  money  as  they  may  have  re- 
ceived upon  account  of  the  building  of  such  vessel  and  for  materials 
provided  over  and  above  the  value  at  the  time  of  such  survey  and  val- 
uation And  that  in  case  of  such  failure  or  neglect  it  shall  and  may  be 
lawful  to  and  for  the  Commissioners  and  such  inspecting  Officer  or 
Officers  as  they  shall  appoint  for  that  purpose  to  hire  any  workmen  and 
others  in  the  employ  of  the  Contractors  and  with  them  or  with  any  other 
workmen  and  others  to  enter  into  the  yard  or  dock  where  the  said  vessel 
shall  be  building  and  either  to  take  away  the  said  vessel  or  employ  work- 
men to  finish  the  same  in  the  said  yard  or  dock  and  for  that  pui^ose  to 
bring  in  all  proper  materials  and  do  all  things  necessary  for  completing 
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the  said  vessel  and  for  taking  away  the  said  vessel  or  for  finislnng  her 
and  shall  also  have  the  full  and  entdre  ase  of  all  the  stages  standards  for 
stages  shores  and  all  articles  appertaining  to  staging  and  shoring  whicsh 
shall  have  been  pat  ap  or  set  up  round  or  about  the  vessel  or  which  may 
be  found  in  or  about  the  premises  and  the  use  of  all  plant  steam  power 
machinery  tools  and  other  articles  and  things  provided  by  the  Contract- 
ors and  also  to  launch  the  said  vessel  for  Her  Majesty's  use  without  any 
molestation  or  hindrance  whatsoever  trom  the  Contractors  their  heirs 
executors  administrators  or  assigns  and  without  making  any  allowance 
.  or  compensation  by  way  of  rent  or  otherwise  for  the  use  of  the  yard  or 
dock  and  also  without  making  any  allowance  or  compensation  by  way 
of  rent  or  otherwise  for  the  use  of  the  said  stages  standards  for  stages 
shores  steam  power  plant  machinery  tools  and  other  articles  and  things 
above  expressed  And  in  case  of  such  failure  or  neglect  as  aforesaid  it 
shall  be  lawful  for  the  Commissioners  if  they  see  fit  to  have  the  benefit 
of  any  Contract  or  Contracts  which  the  Contractors  may  have  entered 
into  for  any  materials  for  the  construction  of  the  said  vessel  or  which 
may  be  applicable  thereto  and  in  such  case  the  said  materials  shall  be 
delivered  by  the  parties  with  whom  the  Contractors  may  have  agreed  for 
the  same  to  the  OfScers  or  Agents  of  the  Commissioners  the  Commis- 
sioners in  such  case  paying  the  amount  to  the  said  parties  which  the  Con- 
tractors may  have  agreed  to  pay  for  such  materials. 

17.  And  the  Contractors  do  hereby  further  agree  that  if  any  doubt 
should  arise  respecting  the  meaning  of  any  part  of  the  said  several  speci- 
fications or  drawings  the  decision  of  the  Controller  of  the  Navy  tiiete- 
npon  is  to  be  final  and  binding  and  any  omissions  existing  therein  are  to 
be  supplied  by  him  and  that  they  the  Contractors  will  comply  with  the 
part  thus  supplied  by  him  without  extra  charge  in  the  same  manner  as 
if  it  had  formed  part  of  the  original  specification  or  drawings  (except 
the  same  shall  have  been  previously  agreed  to  in  writing  under  the  hand 
of  the  said  Controller  of  the  Navy)  and  that  he  (the  Controller  of  the 
Navy)  is  to  decide  on  being  appealed  to  on  matters  of  all  kinds  relating 
to  the  carrying  out  of  this  Contract  about  which  there  may  be  any  dis* 
pute  or  di£ference  of  opinion  between  the  Officer  or  Officers  of  the  Com- 
missioners and  the  Contractors  and  his  (the  said  Controller  of  the  Navy's) 
decision  is  to  be  final. 

18.  And  it  is  hereby  further  agreed  between  and  by  the  parties  hereto 
that  if  any  doubts  disputes  or  differences  shall  arise  between  the  Officers 
or  Agents  appointed  to  inspect  the  works  herein  contracted  to  be  per- 
formed and  the  Contractors  or  between  the  Commissioners  and  the  Con- 
tractors as  to  the  meaning  of  this  Contract  or  any  part  thereof  or  as  to 
the  liability  or  extent  of  the  liability  of  the  Contractors  or  the  Commis- 
sioners under  it  or  as  to  the  amount  payable  to  the  Contractors  or  as  to 
the  time  when  the  same  is  payable  or  as  to  the  Contractors  failing  to  per- 
form this  Contract  or  as  to  any  other  matter  or  thing  in  anywise  relating 
to  this  Contract  or  incident  thereto  or  to  the  construction  and  perform- 
ance thereof  such  doubts  disputes  or  differences  shall  firom  time  to  time 
be  referred  to  and  decided  by  the  Controller  for  the  time  being  of  Her 
Majesty's  Navy  who  shall  be  competent  to  enter  on  the  subject  matter 
of  such  doubts  disputes  or  differences  with  or  without  formal  reference 
or  notice  to  the  parties  concerned  or  either  of  them  and  who  shall  decide 
and  determine  thereon  and  the  order  and  award  of  the  said  Controller 
shidl  be  final  and  binding  on  the  Contractors  and  the  Commissioners  re- 
spectively And  it  shall  not  be  competent  for  the  Contractors  or  the 
Commissioners  to  except  at  law  or  in  equity  to  any  hearing  or  detormi- 


ORDNANCE   AND   WAR   SHIPS.  63 

nation  before  or  of  the  said  Controller  on  the  ground  of  any  want  of 
jnrifidiction  ezoess  of  &nthority  or  irreisrularity  of  proceeding  or  other- 
wise howsooTer  bet  all  matters  made  the  subject  of  any  such  hearing  or 
determination  or  included  in  any  order  or  award  shall  be  held  and 
deemed  both  at  law  and  in  equity  to  have  been  properly  adjudicated 
And  it  shall  not  be  competent  for  the  Contractors  to  prefer  or  prosecute 
any  jietition  of  right  or  to  maintain  any  action  at  law  or  suit  in  equity 
in  respect  of  this  Contract  or  any  matter  or  thing  arising  under  or  out 
of  it  until  tiie  matters  in  dispute  shall  have  been  referred  to  and  decided 
by  the  said  Controll^  and  then  only  for  such  sum  if  any  as  the  Control- 
ler shall  award  And  the  obtaining  the  decision  of  the  said  Controller 
on  Uie  matters  and  claims  in  dispute  is  hereby  declared  to  be  a  condi- 
tion precedent  to  the  right  of  the  Contractors  to  prefer  any  such  petition 
of  right  or  to  maintain  any  such  action  or  suit. 

19.  And  it  is  hereby  fiirther  agreed  by  the  Contractors  that  they  the 
Contractors  shall  be  responsible  for  the  payment  of  and  they  hereby 
undertake  to  pay  Patentees  should  there  be  any  infringement  of  patent 
rights  in  the  execution  or  performance  of  this  Contract. 

20.  Provided  always  that  in  case  at  any  time  or  times  hereafter  dur- 
ing theexistenceof  this  Contract  theOfflceof  Controller  of  the  I^avy  shall 
be  vacant  tiien  the  Officer  or  Officers  appointed  by  the  Commissioners 
and  fulfilling  the  duties  or  exercising  the  functions  of  such  Controller 
of  the  Navy  shall  be  and  be  deemed  to  be  for  the  purposes  of  this  Con- 
tract the  ControUer  of  tiie  Navy  and  this  Contract  and  the  specification 
hereto  annexed  shall  be  read  as  if  such  Officer  or  Officers  as  aforesaid 
were  in  each  paragraph  and  place  substituted  for  and  put  in  the  place 
of  the  said  Controller  of  the  Navy  as  aforesaid. 

21.  And  the  Contractors  do  hereby  agree  that  they  will  not  without 
the  consent  in  writing  of  the  Commissioners  assign  or  transfer  this  Con- 
tract. 

22.  And  it  is  also  agreed  that  in  case  of  any  Breach  of  this  Contract 
on  the  part  of  the  Contractors  it  shall  be  lawM  for  the  Commissioners 
by  writing  under  their  hands  or  under  the  hand  of  their  Secretary  to 
determine  this  Contract  without  any  previous  notice  to  the  Contractors 
nor  shall  they  (the  Contractors)  be  entitled  to  any  compensation  in  con- 
sequence of  such  determination. 

23.  And  in  pursuance  of  the  directions  contained  in  a  certain  Act  of 
Parliament  made  and  passed  in  the  twenty-second  year  of  the  reign  of 
King  George  the  Third  intituled  ^<  An  Act  for  restraining  any  person 
concerned  in  any  Contract  Commission  or  Agreement  made  for  the  Pub- 
lic Service  from  being  elected  or  sitting  and  voting  as  a  Member  of  the 
House  of  Commons"  it  is  hereby  expressly  declared  and  agreed  and 
these  presents  are  upon  this  express  condition  that  no  Member  of  the 
House  of  Commons  hath  been  or  shall  be  admitted  to  any  share  or  part 

'  of  this  Agreement  or  to  any  benefit  to  arise  therefirom. 

24.  And  lastly  for  the  due  and  Mthful  performance  of  this  Contract 
and  every  part  thereof  the  Contractors  do  hereby  bind  themselves  their 
heirs  executors  and  administrators  unto  our  Sovereign  Lady  the  Queen 
in  the  sum  of  pounds  of  lawful  British  money 
to  be  paid  to  our  said  Lady  the  Queen  Her  Heirs  and  Successors  by  way 
of  stipulated  or  ascertained  damages  agreed  upon  between  the  Commis- 
sioners and  the  Contractors  over  and  alx^ve  the  amount  of  any  other  sum 
or  sums  which  they  the  Contractors  may  have  hereby  rendered  them- 
selves liable  to  pay  in  case  of  anyflEulureon  their  part  in  the  due  execa- 
tioQ  of  this  Contract  or  any  part  thereof. 
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In  witness  whereof  the  said  parties  to  these  Presents  have  hereunto 
set  their  hands  the  day  and  year  first  above  written. 
Signed  Sealed  and  Delivered  by  the  within-named 


in  the  presence  of 


Signed  Sealed  and  Delivered  by  the  CommiBsioners  in  the  presence 
of 


OUTLINE  8PECIPICATI0N  FOR  THE  CONSTRUCTION  OF  MARINE 
ENGINES,  AS  USED  BT  THE  BRITISH  BOARD  OF  ADKIRALTY.* 


MACHINERY  FOR  THK 


Nqte.— In  tenderiDg  for  the  supply  of  these  enffinea  the  Contractors  are  reqaested 
to  forward  a  desien  and  tender,  in  accordance  with  this  specification  and  the  draw- 
ing. They  are  also  requested,  if  they  have  no  objection,  to  forward  a  design  and 
tender  for  any  other  plan  of  engines  they  may  consider  more  suitable,  observing  that 
the  machinery  should  be  made  as  light  as  possible,  consistent  with  strength,  efficiency, 
aud  durability,  and  not  exceeding  the  specified  weight  and  keeping  within  the  limits 
of  space  shown  on  the  drawing. 

In  the  preparation  of  the  designs  the  following  points  are  to  be  kept 
in  view : — 

1.  The  wing  bulkheads  in  the  boiler  rooms  are  to  be  regarded  as  form- 
ing the  inner  skin  of  the  ship. 

2.  The  arrangement  of  the  propeller  shafting  shown  on  the  tracing  is 
to  be  adhered  to,  so  far  as  the  ship  is  affected. 

Specification  of  certain  Particulars  to  be  strixitly  observed  in  the  Oon- 
STBUCTION  of  a  Set  of  Horizontal  Compound  Steam  Engines 
and  Boilers,  for  the  Twin  Screw  Despatch  Vessel. 

engines. 

1.  Each  screw  to  be  driven  by  an  independent  pair  of  engines  of  the 
collective  power  of  1,000  horses,  giving  an  aggregate  indicated  power 
of  2,000  horses  for  both  p^irs  of  engines.  The  Contractors  will  be  re- 
quired to  guarantee  the  development  of  this  power  for  four  consecutive 
hours  at  sea  without  the  use  of  the  steam  blast  or  forced  draught.  A 
further  trial  of  four  hours  duration  is  to  be  made  under  forced  draught, 
during  which  it  is  expected  that  a  power  of  3,000  horses  will  be  main- 
tained. 

2.  The  total  weight  of  engines  and  boilers,  including  the  water  oou- 
tained  in  them,  and  all  other  articles  to  be  supplied  under  this  contract. 
is  not  to  exceed  360  tons. 

3.  The  diaineter  of  the  high-pressure  cylinders  to  be  about  26  inches, 
aud  the  diameter  of  the  low-pressure  cylinders  to  be  not  less  than  50 

•  Extract  from  the  uppeudix  of  tb©  report,  of  the  BritiHli  conimitteo  on  the  building 
mH\  repairs  of  .sbip«.    October,  1H84. 
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inches;  the  length  of  the  stroke  to  be  2  feet  10  inches,  ami  the  namber 
of  revolations  to  be  about  110  per  minute  on  the  natural  draught  trial. 

4.  The  high-pressure  cylinders,  their  covers  and  bottoms,  to  be  steam- 
jacketed  with  steam  of  boiler  pressure;  and  the  low-pressure  cylinders, 
their  covers  and  bottoms,  to  be  steam  jacketed  with  steam  of  at  least 
50  lbs.  pressure.  The  working  barrels  of  all  the  cylinders  to  be  made 
separately  of  Whitworth's  fluid  compressed  steel.  They  are  to  be 
flanged  and  securely  bolted  to  the  cylinders  with  countersunk  screws 
at  one  end,  and  fitted  with  an  expansion  joint  at  the  other.  The  width 
of  the  steam  space  of  the  jackets  to  be  not  less  than  one  inch.  The 
branch  pipes  from  the  main  steam  pipe  to  the  jackets  of  the  low-pressure 
cylinders  to  be  fitted  with  reducing  valves  of  approved  pattern  and 
pressure  gauges.  The  steam  ports  are  to  be  stayed  with  iron  or  steel 
screwed  stays  where  necessary,  and  all  other  parts  are  to  be  properly 
stayed. 

5.  The  cylinder  faces  are  to  be  made  separately  of  hard  close-grained 
cast  iron  or  phosphor  bronze,  as  may  be  ordered,  and  secured  to  the 
cylinders  with  a  sufficient  number  of  gun-metal  screws  with  recessed 


6.  The  cylinders  are  to  be  fitted  at  each  end  with  two  2^inch  escape 
valves,  which  are  to  be  provided  with  springs  long  enough  to  permit  of 
the  opening  required  for  the  escai)e  of  water  without  undue  increase  of 
load,  and  to  have  suitable  metal  cases  to  prevent  persons  being  scalded 
by  any  escape  of  boiling  water.^  Suitable  apparatus  to  be  provided  for 
taking  indicator  diagrams  from  each  end  of  the  cylinders.  Cocks  or 
valves  for  draining  water  from  both  ends  of  the  cylinders,  their  jackets, 
and  slide  casings,  and  the  receivers,  are  to  be  fitted.  The  pipes  from 
the  cylinders,  low-pressure  slide  casings,  and  the  receivers  to  be  led 
into  the  condensers  and  bilge,  all  the  others  into  the  feed  tanks  and 
bilge.  All  drains  are  to  be  fitted  so  that  they  may  be  opened  inde- 
pendently, and  are  to  have  nonreturn  valves  fitted  in  the  pipes  leading 
to  the  condensers  and  feed  tanks.  The  velves  on  the  cylinder  jacket 
drains  are  to  be  conveniently  situated  to  enable  the  flow  of  condensed 
steam  to  the. feed  tanks  to  be  easily  regulated.  The  cylinder  drain 
cocks  are  to  be  fitted  to  be  worked  from  the  starting  platforms.  Man- 
holes to  be  provided  in  the  cylinders  and  their  covers  for  getting  at 
each  side  of  the  pistons.  The  receiver  or  pipe  between  the  cylinders  is 
to  be  fitted  with  a  safety  valve  loaded  to  60  lbs.  per  square  inch,  and  a 
compound  gauge. 

7.  All  holding-down  bolts  for  securing  the  engines  in  the  ship  are  to 
be  fitted  with  lock  nuts  or  guards. 

8.  The  slide-valves  are  to  be  double-ported,  made  of  hard  close- 
grained  cast  iron,  planed  up  to  a  true  surface,  and  fitted  with  packing 
rings  on  the  back  to  relieve  them  of  steam  pressure.  Double  eccentrics 
to  be  used  for  working  the  slide  valves,  apparatus  to  be  provided  for 
fixing  the  links  in  any  position,  and  the  working  parts  to  be  made  ad- 
justable; the  links  and  the  valve  rods  to  be  of  steel.  Means  to  be 
provided  for  balancing  the  weight  of  the  link  motion.  Other  valves  of 
approved  construction  in  lieu  of  the  ordinary  slide  valves  may  be  fitted 
if  desired.  Adjustable  links  are  to  be  fitted  to  the  slide  valve  gears 
for  working  expansively.  The  slide  valves  to  be  fitted  with  efficient 
means  for  lubrication,  both  when  the  engines  are  at  work  and  when 
standing. 

9.  Auxiliary  engines  with  automatic  stopping  gear,  as  well  as  hand 
gear,  to  be  fitted  for  working  the  slides:  also  auxiliary  starting  valves 
to  all  the  cylinders  to  facilitate  the  handling  of  the  engines.    The  levers 
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for  these  valves  are  to  be  so  arranged  as  to  work  with  the  correspoDd- 
ing  cranks,  and  to  be  placed  in  Uie  same  consecative  order  as  their 
respective  cylinders.  Arrangements  are  to  be  made  for  admitting 
steam  direct  to  the  receivers  if  necessary. 

10.  Wrought  iron  or  steel  to  be  used  as  far  as  may  be  considered 
practicable  in  the  constraction  of  the  engine  framework  to  economise 
weight. 

11.  The  cylinders  and  their  covers,  slide  valve  casings  and  covers, 
and  all  hot  surfaces,  to  be  completely  clothed  with  approved  non-con- 
ducting materiiJ  and  mahogany,  properly  secured  with  polished  brass 
straps. 

12.  The  pistons  are  to  be  of  approved  construction,  made  of  steel, 
and  fitted  with  a  single  packing  ring,  held  out  by  properly  tempered 
steel  springs.  Solid  blocks  of  length  about  one-fourth  of  the  circum- 
ference of  the  piston  are  to  be  placed  under  the  piston  in  lieu  of  springs. 
The  junk  ring  nuts  to  be  of  gun  metal,  and  the  bolts  to  have  secure 
guards. 

13.  The  piston  rods  are  to  be  made  of  wrought  steel,  and  fitted  with 
double  glands.  The  surfaces  of  the  piAton-rod  guides  to  be  as  large  as 
possible,  and  the  guides  to  be  so  fitted  as  to  be  capable  of  adjustment 
and  to  be  efficiently  lubricated.  Oun-metal  coned  bushes  are  to  be  fitted 
at  the  bottoms  of  the  stuffing  boxes. 

14.  The  gland  nuts  of  all  tiie  principal  rods  throughout  the  engines 
and  those  of  the  stem  tube  glands  are  to  be  fitted  with  worm  or  toothed 
gear  to  enable  all  the  nuts  of  each  gland  to  be  screwed  up  equally. 

16.  The  connecting  rods  to  be  mMe  of  wrought  steel,  and  the  length 
between  the  centres  to  be  not  less  than  6  feet  3  inches.  The  bearings 
to  have  wrought  iron  or  steel  caps,  the  brasses  to  be  well  supported 
and  lined  with  white  metal. 

16.  The  crank  shafts  are  to  be  made  of  Whitworth's  fluid  compressed 
steel  or  of  Vicker's  steel,  and  to  be  examined  and  approved  by  the  In- 
specting Officer  before  being  fitted  in  place.  The  shafts  to  be  made 
hollow,  about  4  inches  diameter  inside,  as  may  be  determined.  The 
diameter  of  the  bearings  to  be  not  less  than  10  inches,  and  the  aggregate 
length  of  the  bearings  to  be  not  less  than  4  feet  3  inches.  The  diameter 
of  the  crank  pins  to  be  lOj^  inches,  and  their  length  to  be  not  less  than 
13  inches.  The  crank-shaft  brasses  to  be  lined  with  white  metal,  and 
so  fitted  that  they  may  be  taken  out  without  necessitating  the  removal 
of  the  shaft.    The  crank  pins  to  be  fitted  with  centrifugal  lubricators. 

17.  The  propeller  shafting  is  to  be  made  hollow,  of  Whitworth's  fluid 
compressed  steel,  and  to  have  solid  couplings  where  practicable.  The 
diameter  of  the  stern  shafts  to  be  not  less  than  9^  inches  outside  and 
about  4}  inches  inside,  exclusive  of  the  casing.  The  thrust  shafts  and 
the  length  of  shafting  passing  through  the  after  part  of  engine  room 
from  the  forward  engines  to  be  not  less  than  8}  inches  diameter  outside, 
and  about  3^  inches  inside.  Each  thrust  shaft  to  have  collars,  giving  a 
thrust  surface  of  not  less  than  350  square  inches.  The  thrust  blocks  to 
be  fitted  with  movable  collars  so  as  to  admit  readily  of  adjustment  The 
plummer  blocks  to  be  of  cast  iron  or  steel,  and  lined  with  white  metal.  A 
bearing  to  be  fitted  as  close  to  each  thrust  block  as  possible,  so  that 
the  thrust  bearings  may  carry  no  weight.  The  pieces  of  Shafting  be- 
tween the  stem  tube  and  after  bracket  to  be  made  of  as  large  outside 
diameter  as  i)08sible  to  give  it  the  requisite  stiffiiess. 

18.  Apparatus  for  turning  the  engines  by  hand,  and  for  disconnect- 
ing and  holding  the  propellers,  to  be  provided.    The  disconnecting  ap- 
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paratos  to  be  of  simple  construction,  and  the  bolts  capable  of  being 
quickly  removed  and  replaced. 

19.  All  steel  used  throughout  the  engines  is  to  be  of  quality  approved 
by  the  Admiralty. 

20.  The  tubes  through  the  stern  and  after  brackets  to  be  made  of 
gun-metal,  not  less  than  J-inch  thick  at  the  bearings,  and  the  driving 
shafts  within  them  to  be  cased  with  gun-metal  of  not  less  than  |-inch  in 
thickness  at  the  bearings }  each  tube  to  be  in  one  length,  and  if  the  casings 
of  the  shafts  are  in  more  than  one  length  the  several  pieces  are  to  be  tightly 
filleted  into  each  other  so  as  to  prevent  leakage  at  the  joints.  A  pipe 
and  cock  are  to  be  fitted  for  drawing  water  from  each  stern  tube.  Lig- 
num-vit®  strips  to  be  used  in  both  ends  of  the  stem  tubes  and  in  the 
tubes  through  the  outer  brackets  to  form  the  bearing  surfaces. 

21.  The  screw  proi)ellers  to  be  about  11  feet  in  diameter ;  they  are  to 
work  outwards,' and  to  be  constructed  on  any  principle  and  with  any 
number  of  blades  their  Lordships  may  direct,  and  made  of  gun-metal  of 
the  following  composition : — Copper  88,  zinc  2,  and  tin  10  parts.  The 
blades  are  to  be  attached  to  the  bosses  by  means  of  screw  bolts  secured 
by  proper  guard  plates  and  screws,  and  arranged  to  enable  the  pitch  to 
be  varied  if  required. 

22.  The  surface  condensers  are  to  be  made  of  gun-metal  or  of  rolled 
brass  containing  not  less  than  70  per  cent,  of  copper  in  its  composition, 
and  they  are  to  be  so  arranged  that  the  tubes  may  be  readily  packed  at 
each  end,  and  taken  out  without  removing  any  part  of  the  endues  w^ich 
cannot  be  removed  and  replaced  with  facility.  Manholes  are  to  be  pro- 
vided to  admit  of  the  interior  of  the  condensers  and  the  condition  of  the 
tubes  being  examined,  and  of  the  deposit  being  cleaned  out  from  all 
parts.  Oocks  also  to  be  fitted  for  the  purpose  of  cleaning  each  con- 
denser of  the  circulating  water  when  the  engines  are  stopped.  Suitable 
pipe  connexions  with  shut-ofif  valves  are  to  be  made  between  the  main 
steam  pii>e8  in  the  engine-room,  and  each  condenser  to  be  used  as  silent 
blow-off  when  the  engines  are  suddenly  eased  or  stopped.  Fittings  are 
to  be  provided  for  the  purpose  of  admitting  an  alkaline  solution  into  the 
exhaust  passages.  Directing  plates  are  to  be  fitted  to  cause  the  circu- 
lating water  to  pass  over  the  whole  of  the  tube  surfaces.  No  iron  to  be 
used  in  the  internal  fittings  of  the  condenser.  A  compound  gauge  and 
an  ordinary  vacuum  gauge  to  be  fitted  to  each  condenser.  A  small 
valve  and  pipe  is  also  to  l^  fitted  to  each  condenser  to  admit  water  from 
the  circulating  chamber  to  the  condenser  or  hot  well  to  make  up  loss 
firom  leakages,  &c. 

23.  The  tubes  to  be  of  solid  drawn  brass,  0.05  inch  in  thickness,  and 
to  be  tinned  inside  and  outside.  There  must  be  at  least  70  per  cent,  of 
best  selected  copper  in  their  composition ;  and  samples  of  them,  of  at 
least  4  lbs.  weight,  will  be  subjected  to  the  same  test  and  analysis  as 
the  brass  boiler  tubes.  The  tube  plates  to  be  of  brass,  and  supporting 
diaphragms  of  brass  to  be  fitted  if  necessary.  The  tubes  are  to  be 
secured  to  the  plates  by  screwed  glands  and  tape  packing,  and  ap- 
proved means  are  to  be  adopted  to  prevent  the  tubes  from  slipping 
through  the  tube  plates. 

24.  The  number,  diameter,  and  length  of  the  tubes,  and  the  total 
area  of  the  cooling  surface,  to  be  stated  in  the  Tender.  The  total  area 
to  be  not  less  than  4,600  square  feet. 

25.  The  air-pumps  are  to  be  of  gun-metal.  The  air-pump  pistons 
to  be  of  gun-metal,  and  fitted  with  efficient  metal  packing.  The  air- 
pump  rods  to  be  of  gun-metal  or  of  rolled  naval  brass,  and  the  seats 
and  guards  of  the  foot  and  discharge  valves  to  be  of  gun-metal. 
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26.  Yolcanized  iudia-rubbcr  valves  to  be  made  of  the  beet  Para 
caontchouc,  mth  no  other  iDgredients  whatever  than  salphar  and  white 
oxide  of  zinc ;  the  sulphur  not  to  exceed  3  per  cent.,  and  the  oxide  of  zinc 
70  per  cent.  The  vulcanised  india-rubber  is  not  to  contain  any  re-mann- 
factured  ihatorials,  but  to  be  made  of  the  best  ingredients,  to  be  of  a 
homogeneous  character  throughout,  thoroughly  compressed,  firee  from 
air-holes,  pores,  and  all  other  imperfections.  Samples  of  india-rabber 
are  to  be  sent  to  Portsmouth  to  be  tested,  and  must  be  capable  of  en- 
during a  dry  heat  test  of  1^70  degrees  Fahrenheit  for  one  hour,  and  a 
moist  heat  of  320  degrees  Fahrenheit  for  three  hours,  without  impairing 
its  quality. 

27.  The  circulating  pumps  with  outer  casings  and  flttiugs  are  to  be 
made  of  gun-metal,  and  driven  by  independent  engines.  The  proposed 
plan  of  engines  and  pumps  to  be  submitted  for  approval.  They  are  to 
be  fitted  with  additional  suction  valves  and  pipes  leading  into  the  bilge, 
to  be  used  for  pumping  water  out  of  the  ship  in  the  event  of  a  leak. 
The  diameter  of  the  bilge  suctions  is  to  be  not  less  than  that  of  the 
ordinary  sea  suctions  to  the  pumps ;  and  non-return  valves  are  to  be 
fitted  at  the  lower  ends  of  the  bilge  suction  pipes,  to  prevent  water 
passing  into  the  ship  when  the  sea  suction  is  open.  The  bilge  suction 
valves  are  to  be  placed  in  easily  accessible  places  with  their  handles 
above  the  floor  plates.  The  ends  of  the  suction  pipes  are  to  be  placed 
in  convenient  positions,  as  may  be  determined,  and  covered  with  zinced 
iron  strainers.  The  circulating  pump  engines  are  to  be  supplied  with 
steam  from  a  branch  on  the  main  steam  pipe,  and  to  exhaust  intiO  the 
condensers  as  well  as  into  the  waste  steam  pipe.  They  are  to  be  placed 
at  as  high  a  level  as  possible,  and  each  circulating  pump  engine  is  to 
be  made  sufficiently  powerful  to  discharge  400  tons  of  water  per  hour 
with  steam  of  60  lbs.  pressure  per  square  inch.  Trial  will  be  made  to 
test  the  efficiency  of  the  engines  and  pumps  in  this  respect.  The  cir- 
culating engines  and  pumps  are  to  be  fitted  in  duplicate  for  each  set  of 
engines. 

28.  A  screw-down  non-return  valve,  with  pix>e  leading  from'  the  bilge, 
is  to  be  fitted  to  the  bottom  of  each  condenser. 

29.  A  double  cylinder  engine  of  Admiralty  pattern,  with  two  double- 
acting  pumps,  is  to  be  fitted  in  each  boiler  room  for  feeding  the  boilers. 
The  suction  pipes  of  these  pumps  to  be  fitted  with  stopcocks  and  con* 
nected  with  the  feed  tanks  and  the  bottoms  of  the  condensers.  The 
diameter  of  each  cylinder  to  be  6  inches  and  of  each  pump  4}  inches. 
Stroke  7  inches.  A  pressure  gauge  ranging  up  to  twice  the  boiler 
pressure  to  be  fitted  on  the  delivery  pipe  from  each  of  the  feed  pumps. 
A  suitable  air  vessel  and  a  screw-down  non-return  valve  are  to  be  fitted 
close  to  the  pump  in  each  delivery  pipe.  An  air  extractor  of  approved 
pattern  is  to  be  fitted  in  the  main  feed  pipe.  Separate  delivery  pipes 
with  non-return  stop- valves  to  be  fitted  for  each  boiler  room. 

30.  Two  feed  tanks  of  wrought-iron  not  less  than  ^-inch  in  thickness 
and  each  about  25  cubic  feet  capacity  to  be  supplied  and  fitted  witli 
each  set  of  engines  as  a  reservoir  for  the  feed  water  Irom  the  condenser. 
Two  zinc  blocks  12  inches  by  6  inches  by  ^  inch  thick  to  be  suspended 
in  each  tank.  A  connecting  pipe  with  a  stopcock  to  be  fitted  between 
the  tanks.  The  tanks  to  be  fitted  with  stopcocks  in  the  supply  pipes, 
suitable  overflow  pipes,  and  glass  gauges. 

31.  A  double  cylinder  engine,  of  Admiralty  pattern,  with  two  double- 
acting  pumps,  is  also  to  he  fitted  in  each  boiler  room,  connected  with  a  set 
of  feed  pipes,  feed  valves,  and  overflow  valves,  separate  and  distinct  from 
the  pipes  and  apparatus  belonging  to  the  main  feed  pumps.   The  pumps 
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to  be  fitted  to  supply  auy  of  the  boiiers  iu  both  boiler  looms^  and  shut 
off  ralves  are  to  be  fitted  in  the  aaxiliary  feed  pipes  to  shut  ofi*  communi- 
cation of  the  forward  and  after  boilers  from  the  after  and  forward  engines 
respectively.  The  diameter  of  the  cylinders  to  be  6  inches,  of  the 
pumps  4^  inches.  Stroke  7  inches.  These  pumps  to  be  fitted  to  draw 
water  from  the  feed  tank  and  from  the  sea.  Branch  pipes  are  to  be 
provided  from  the  suction  pipes  of  the  forward  pump  for  circulating 
water  through  the  distilling  condensers.  Discharge  connexions  are  also 
to  be  made  with  the  nearest  sea  valve  for  use  when  the  pump  is  em- 
ployed for  distilling  purposes  only. 

32.  A  double  cylinder  engine,  of  Admiralty  pattern,  with  two  cylin- 
ders and  two  double-acting  pumps,  to  be  supplied  and  fitted  with  each 
set  of  engines  for  use  as  a  fire  engine,  for  washing  decks,  and  pumping 
out  the  bilge  and  boilers.  The  diameter  of  each  cylinder  to  be  6  inches, 
and  of  each  pump  4^  inches.  Stroke  7  inches.  Each  pump  have  separate 
suction  and  discharge  pipes.  A  pressure  gauge  to  be  fitted  to  the  de- 
livery pipe  of  each  pump. 

33.  All  feed  and  bilge  pumps,  together  with  their  valve  boxes  and 
fittings,  to  be  of  gun-metal.  The  bilge  suctions  of  all  pumps  should 
be  in  the  lowest  part  of  the  bilge,  in  positions  approved  by  the  Inspect- 
iug  OfQcer. 

34.  All  sci^ew-down  valves  in  connexion  with  the  engines  and  boilers 
are  to  be  so  fitted  that  the  valves  will  be  closed  with  aright-hand  motion. 
All  steam  admission  valves  to  be  be  screw-down  valves. 

35.  A  hand  pump,  of  4  inches  diameter,  and  5  inches  stroke,  is  to  be 
fitted  in  the  engine  room  and  attached  to  the  same  feed  pipes  as  the 
main  feed  pumps.  This  pump  to  be  also  arranged  to  pump  water  into 
the  engine  room,  on  the  deck,  or  overboard,  through  a  separate  dis- 
charge pipe,  and  to  draw  water  from  the  boilers,  from  the  bilge  and 
from  the  sea.  To  be  also  adapted  by  means  of  an  additional  plunger, 
2i  inches  in  diameter,  for  proving  the  boilers  by  water  pressure  to  double 
the  working  pressure. 

36.  Branches  with  nozzles,  caps,  and  stop  valves,  to  be  fitted  in  the 
engine  room  to  the  hand  pump,  and  the  bilge  engine  discharge  pipes  to 
admit  of  hoses  being  attached.  These  branches,  the  nozzles  on  the 
deck,  and  all  other  nozzles,  are  to  be  made  to  fit  the  screws  of  the 
hoses  used  in  Her  Majesty's  service,  particulars  of  which  will  be  sup- 
plied on  application. 

37.  All  steam  pumps  are  to  be  fitted  with  escai)e  valves.  Non-return 
valves  also  to  be  fitted  to  guard  against  the  danger  arising  from  leaving 
open  the  sea  cocks.  All  escape  valves  to  be  placed  in  positions  easy 
of  access,  and  so  constructed  that  the  valves  and  springs  can  be  ad- 
justed from  the  outside.  All  escape  valve  boxes,  valves,  and  their  cas- 
ings (where  required  to  be  fitted)  are  to  be  of  gun-metal.  Pipes  to  be 
fitted  to  the  escape  valve  boxes  of  the  main  and  auxiliary  feed  engines 
to  return  the  escaped  water  to  the  suction  chambers. 

38.  The  steam  and  all  other  pipes,  as  well  as  their  branches,  to  be  of 
copper  or  gun-metal,  except  where  otherwise  specified.  All  feed,  bilge, 
blow-off,  and  brine  pipes,  not  exceeding  5  inches  diameter,  to  be  of  solia 
drawn  copper.    All  the  nozzles  Which  pass  through  the  ship's  sides  or 

,  bottom,  and  the  sea-suction  gratings,  to  be  of  gun-metal.  The  lower 
end  of  each  bilge  suction  pipe  to  be  of  galvanised  wrought  iron,  enamel- 
led iron,  or  other  improved  material,  and  suitable  strainers  of  the  same 
material  to  be  fitted  to  prevent  choking.  Care  is  to  be  taken  that  no  cop- 
per or  metal  pipes  in  the  bilge  rest  in  contact  with  the  hull  work.  All 
Buch  pipes  ezpoised  to  the  action  of  the  bilge  water  should  be  well  painted 
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or  varnished,  and  then  r,overed  with  wat-erprool'  canvan.  Tli^  flanges 
of  all  steam  and  other  pipes  to  be  faced,  and  the  joints  made  with  red- 
lead  or  wire  gauze,  and  withoat  canvas  or  millboard;  those  cinder  the 
floor  plates  to  be  attached  by  gan-metal  bolts  and  nnts.  The  aftermost 
lengths  of  each  steam  pipe  to  be  fitted  with  a  ring  piece  betw^n  the 
flanges  to  admit  of  a  blank  flange  being  inserted  for  testing  the  boilers 
and  pipes  independently  of  the  eng^ne»;  suitable  blank  flanges  to  be 
supplied. 

39.  A  set  of  pipes  to  be  provided  complete,  and  fitted  with  a  self- 
closing.horizontal  stop  valve  and  an  internal  steam  pipe  on  each  of  the 
boilers.  These  pipes  to  supply  steam  to  the  fan  and  auxiliary  engines 
(except  the  circulating  and  main  feed  engines  which  are  to  be  supplied 
from  the  main  steam  pipe),  funnel  blast,  &c.,  and  to  be  connected  with 
the  distilling  condensers.  The  internal  steam  pipes  to  extend  to  the 
tops  of  the  boilers  to  prevent  water  passing  over  to  the  distilling  con- 
densers when  the  vessel  rolls.  Stop  valves  to  be  fitted  to  the  several 
branches  in  all  positions  considered  necessary.  All  pipes  which  con- 
vey exhaust  steam  from  the  smaU  engines  to  the  waste  pipes  to  be  fitted 
with  drain  cocks.  The  exhaust  steam  from  the  fan,  feed,  circulating 
and  other  auxiliary  engines  to  be  delivered  into  the  condenser  as  well 
as  into  the  auxiliary  waste  steam  pipe. 

40.  The  thickness  of  the  several  pipes  to  be  in  accordance  witli  the 
Admiralty  scale  drawing,  a  copy  of  which  may  be  obtained  on  applica- 
tion. All  bends  and  T-pieces  to  be  respectively  one  gauge  thicker  than 
the  plain  pipes. 

41.  Expansion  joints  are  to  be  fitted  to  the  waste- water  pipes,  steam 
pipes,  and  to  any  other  pipes  where  they  may  be  considered  necessary; 
and  approved  means  to  be  adopted  to  prevent  fracture  by  the  contrac- 
tion or  expansion  of  any  other  parts  of  the  machinery  by  the  working  of 
the  ship. 

42.  All  the  steam  and  the  eduction  pipes,  as  well  as  the  hot  parts  of 
the  condensers,  to  be  clothed  with  an  approved  non-conducting  material 
to  the  satisfaction  of  the  inspecting  officer. 

43.  In  the  steam  pipes  leading  to  each  high-pressure  cylinder,  and  as 
close  to  the  valve  chest  as  possible,  a  double-seated  equilibrium  valve 
is  to  be  fitted.  These  valves  are  to  be  fitted  with  gear  leading  to  the 
platform  to  admit  of  being  used  to  regulate  the  supply  of  steam  to  the 
engines.    The  valves  and  valve  chest  to  be  made  of  gun-metal. 

44.  A  separator  made  of  copper,  to  be  fitted  to  each  main  steam  pipe. 
The  separators  to  be  fitted  to  discharge  into  the  «ea  and  feed  tanks. 
Each  discharge  pipe  to  be  attached  to  a  separate  sea  valve  or  to  the 
nearest  discharge  valve,  as  may  be  determined,  and  to  be  fitted  with  a 
stop  valve  and  non-return  valve.  A  glass  guage  also  to  be  fitted  to 
each  separator,  and  a  small  drain  cock  at  the  bottom  to  empty  the  separ- 
ator when  required. 

45.  Efficient  self-acting  discharge  valves  are  to  be  fitted  at  the  ship's 
sides  to  the  air  and  circulating  pumps'  discharge  pipes ;  the  valve  boxen 
are  to  be  made  of  gun-metal,  and  non  return  valves  to  be  fitted  to  the 
extremities  of  all  pipes  discharging  into  them.  Eangston's  valves  with 
the  spindles  cast  on,  or  screw -down  valves,  with  stop  cocks  op  stop 
valves  attached,  are  to  be  fitted  close  to*  the  skin  of  the  ship,  to  the 
blow-off  pipes,  and  to  the  suction  pipes  of  the  circulating  and  other 
pumps,  and  to  any  other  pipes  considered  necessary.  All  Kingston 
valve  spindles  are  to  be  proved  by  a  tensile  strain  of  half  a  ton  tor  every 
square  inch  of  area  of  the  valve,  but  in  no  case  need  the  test  exceed 
twelve  tons.    No  waste  water  to  be  delivered  above  the  steel  deck.   All 
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valves  »ttd  cocks  in  connexion  with  the  boilers  or  ship  to  have  spigots 
passing  through  the  plates.  Only  naval  brass  or  gun-metal  bolts  to  be 
used  in  connexion  with  all  gun-metal  under  water  fittings  of  the  ship. 
Zinc  protectors  to  be  fitted  at  all  the  openings  in  the  ship's  skin  for  the 
under- water  valves. 

46.  The  handles  to  all  cocks  and  valves  in  the  engine  department 
which  open  communication  with  the  sea  and  bilge  are  to  be  placed  at 
a  convenient  height  above  the  platform,  or  flooring  plates  in  their  vi- 
cinity, in  positions  easily  accessible  by  the  engineer  in  charge,  and  above 
the  level  of  the  fire  bars.  They  are  to  be  so  fitted  that  the  valves  will 
be  closed  by  a  right-hand  motion,  suitable  means  to  be  fitted  for  quickly 
changing  from  the  sea  to  bilge  suction  when  necessary. .  Suitable  brass 
index  plates  are  to  be  fitted  to  all  the  principal  cocks  and  valves  in  the 
engine  and  boiler  rooms. 

47.  An  efficient  governor  of  sufficient  power  to  prevent  the  engines 
from  racing  in  stormy  weather,  with  properly  balanced  valves  and  all 
necessary  connections,  is  to  be  fitted  for  each  set  of  engines.    . 

48.  An  engine  room  telegraph  of  approved  pattern,  with  reply  gongs 
and  any  number  of  dials  that  may  be  found  necessary,  to  be  supplied 
and  fitted  for  each  pair  of  engines. 

49.  A  sufficient  number  of  voice  pipes  of  copper,  not  less  than  0.036 
inch  in  ttiickness,  to  be  provided  and  fitted  to  put  the  engine  room  in 
communication  with  the  boiler  rooms,  the  bridge,  the  chief  engineer's 
cabin,  and  any  other  part  of  the  ship  required.  Each  voice  pipe  is  to 
be  fitted  with  suitable  mouthpieces  and  whistles,  and  to  be  cased  where 
necessary. 

50.  An  eight-day  clock  of  approved  make  to  be  supplied  for  the  en- 
gine-room. 

51.  An  efficient  counter,  capable  of  registering  up  to  one  million,  is  to 
be  supplied  for  each  pair  of  engines ;  also  a  tell-tale  apparatus  for  each 
pair  with  an  index  on  the  bridge  to  show  the  speed  of  the  engines  and 
the  direction  in  which  they  are  moving. 

52.  Savealls  of  copper  or  brass  are  to  be  fitted  for  all  the  working 
parts  of  the  engines,  and  for  the  bearings  of  the  screw  shafting ;  the 
oil  from  the  central  parts  of  the  engines  to  run  into  one  large  save-all 
for  each  set  of  engines,  with  a  dish  in  the  lower  part.  A  suction  pipe 
is  to  be  led  from  each  dish  to  a  bilge  engine,  so  that  the  contents  may 
be  pumped  out  while  the  engines  are  at  work.  Save-alls  for  trimming 
lamps  and  oil  cans  are  also  to  be  fitted  as  required. 

53.  A  gun-metal  plug,  with  india-rubber  joint  ring,  is  to  be  fitted  to 
the  mouth  of  each  main  discharge  pipe,  to  be  put  in  or  taken  out  by 
means  of  a  lever  on  the  ship's  side  above  the  water  Une.  The  outriggers 
on  the  ship's  side  to  be  fitted  complete  with  all  levers  and  gear. 

54.  The  high-pressure  cylinders,  covers,  valve  casings,  the  auxiliary 
engines,  and  all  steam  jackets,  pipes,  and  connexions,  valve  boxes,  im- 
permeators,  &c.,  subjected  to  the  pressure  of  the  boilers,  are  to  be  tested 
by  water  pressure  to  160  lbs.  on  the  square  inch ;  the  low-pressure  cyl- 
inders, covers,  and  the  intermediate  receivers,  to  100  lbs.  on  the  square 
inch ;  the  condensers  where  exposed  to  steam,  to  30  lbs.  on  the  sqnare 
inch ;  and  the  hot  wells  and  all  remaining  parts  to  15  lbs.  on  the  square 
inch.  The  cylinders  and  condensers  to  be  tested  by  water  to  the  re- 
quired pressure  on  the  premises  of  the  contractors,  or  before  put  on 
board,  and  so  placed  that  all  parts  may  be  accessible  for  examination 
by  the  inspecting  officer  during  the  test.  Each  of  the  boiler  and  con- 
denser tubes  to  be  tested  by  water  pressure  separately,  to  300  lbs.  on 
the  square  inch,  in  the  presence  of  the  boiler  overseer.    No  lagging  or 
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coveriug  of  auy  kind  is  to  be  in  place  od  the  cyliudera,  pipes,  or  con- 
densers during  (be  water  pressure  tests. 

BOILERS. 

55.  The  boilers  are  to  be  constructed  in  general  accordance  with  the 
arrangement  shown  on  the  tracing.  They  are  to  be  made  in  four  sep- 
arate parts,  any  one  of  which  may  be  used  independently  of  the  others, 
and  they  are  to  be  capable  of  carrying  steam  of  100  lbs.  pressure  per 
square  inch,  and  to  be  proved  by  water  pressure  to  200  lbs.  per  square 
inch.  Steam  is  not  to  be  raised  in  the  boilers  until  after  the  usual  water 
test  on  board  unless  desired  for  drying  points,  for  which  purpose  the 
pressure  must  not  exceed  10  lbs.  per  square  inch. 

56.  There  are  to  be  10  furnaces  of  the  dimensions  given  on  the  draw- 
ing. The  furnaces  are  to  be  made  with  stiffening  rings  on  an  improved 
plan,  or  they  are  to  be  corrugated  if  so  ordered.  The  furnace  frames 
and  doors  are  to  be  made  of  wrought  iron  or  steel,  and  so  fitted  that  the 
doors  can  be  kept  open  in  a  sea-way.  The  furnace  bars  to  be  of  wrought- 
iron  in  three  lengths,  made  and  fitted  in  an  approved  manner. 

57.  Each  boiler  is  to  be  fitted  with  a  portable  damper  in  the  uptake, 
at  least  two  safety  valves,  and  two  pressure  gnages  of  Admiralty  pat- 
tern, one  of  which  is  to  be  graduated  to  220  lbs.  and  the  other  to  120 
lbs.,  provided  with  three-way  cock  and  flange  for  application  of  test 
guage.  A  damper  and  a  water  trough  for  cooling  ashes  to  be  fitted  to 
the  front  of  every  ashpit.  External  as  well  as  internal  plates  are  to  be 
fixed  to  the  smoke-box  doors,  which  are  also  to  be  covered  with  silicate 
cotton  one  inch  thick.  Glass  gnages  (two  to  each  boiler),  guage  cocks, 
steam  siren,  and  a  fog  whistle  (not  less  than  6  inches  diameter),  are  to 
fitted  in  accordance  with  Admiralty  patterns,  gear  to  be  fitted  to  enable 
the  whistle  to  be  blown  from  the  bridge.  A  small  cock  is  to  be  fitted 
on  the  front  of  each  boiler  for  drawing  off  water  for  testing  its  density 
and  condition ;  this  cock  is  also  to  l^  arranged  to  allow  a  syringe  of 
Admiralty  pattern  to  be  screwed  on  for  injecting  mineral  oil  when  nec- 
essary. 

58.  Two  internal  steam  pipes  to  be  fitted  to  extend  the  whole  length 
of  the  boilers,  and  made  with  transverse  slits  through  which  the  steam 
must  pass.  Internal  feed  pipes  are  also  to  be  fitted.  Zinc  slabs,  as  re- 
quired, are  to  be  suspended  in  each  boiler  for  the  purpose  of  preventing 
corrosion. 

59.  The  area  of  the  tube  surface  between  the  tube  plates  is  to  be  not  i 
less  than  6,050  square  feet,  and  the  area  of  the  fire  grate  to  be  not  less  i 
than  226  square  feet.  i 

60.  The  boilers  are  to  be  constructed  entirely  of  steel  made  by  the  I 
Siemens- Martin  process.  The  minimum  thickness  of  the  boiler  plates 
to  be  as  follows : — Shells,  ends,  and  tube  plates  f  inch,  furnaces  and  all 
other  parts  ^-inch.  The  plates  of  the  shells  of  the  boilers  to  be  doable 
rivetted,  except  in  the  longitudinal  seams,  which  are  to  be  butt-jointed, 
with  double  butt  straps  and  treble  rivetted. 

61.  The  plates  and  angle  pieces  for  the  shells,  and  the  bar  stays  and 
tee  pieces  for  securing  the  stays  to  the  shells,  are  to  be  obtained  from 
steel  makers  whose  names  are  to  be  submitted  for  approval,  and  are  to 
be  subject  to  the  usual  tests  for  steel  at  the  works  of  the  manufacturer 
under  the  supervision  of  the  Admiralty  Overseer. 

62.  The  tests  are  as  follows  : — 
Strips  cut  lengthwise  or  crosswise  to  have  an  ultimate  tensile  strength 

of  not  less  than  26  tons,  and  not  exceeding  30  tons  per  square  inch  of 


ORDNANCE   AND    WAR   SHIPS.  73 

section,  with  an  elongation  of  20  per  cent,  in  a  length  of  8  inches.  The 
angle,  tee,  and  bar  steel  to  stand  sach  forge  tests,  both  hot  and  cold,  as 
may  be  sufficient  in  the  opinion  of  the  Overseer  to  prove  soundness  of 
material  and  fitness  for  the  service  intended. 

Strips  cut  lengthwise  or  crosswise  1 J  inches  wide,  heated  uniformly 
to  a  low  cherry  red,  and  cooled  in  water  of  82  Farenheit,  must  stand 
bending  double  in  a  press  to  a  curve  of  which  the  inner  radius  is  one 
and  a  half  times  the  thickness  of  the  steel  tested. 

The  strips  are  all  to  be  cut  in  a  planing  machine,  and  to  have  the 
sharp  edges  taken  ofi*. 

The  ductility  of  every  plate,  angle,  &c.  is  to  be  ascertained  by  the 
application  of  one  or  boUi  of  these  tests  to  the  shearing,  or  by  bending 
them  cold  by  the  hammer. 

All  steel  to  be  free  from  li^ination  and  injurious  surface  defects. 

The  pieces  of  plate,  angle,  &c.  cut  out  for  testing  are  to  be  of  paral- 
lel width  for  at  least  8  inches  of  length. 

63.  The  holes  in  the  steel  plates,  angles,  &c.,  are  to  be  drilled  and  not 
punched.  In  parts  where  the  rivets  are  not  closed  by  the  hydraulic  rivet- 
ing machine  the  rivet  holes  are  to  be  countersunk  and  coned  rivets  used. 

64.  The  tubes  are  to  be  of  iron  or  steel  of  approved  brand.  They  are 
to  be  not  less  than  2^  inches  in  diameter,  0.180  Inch  mean  thickness  {^ 
lbs.  weight  per  foot  run),  and  not  less  than  1  inch  apart.  The  stay 
tubes  are  to  be  not  less  than  ^-Inch  in  thickness,  and  they  are  to  be  so 
fitted  in  the  tube  plates  tbat  Uiey  can  be  removed  and  replaced  with  fa- 
cility. The  ends  of  the  stay  tubes  are  to  be  thickened  for  screwing  so 
that  the  thickness  at  the  bottom  of  the  thread  is  not  less  than  |-inch. 

65.  In  the  manufacture  of  the  boilers  sufficient  room  is  to  be  provided 
for  man-holes  at  the  upper  parts  and  the  lower  parts  of  the  furnaces, 
and  below  the  tubes,  both  for  the  purpose  of  cleaning  and  repairing. 
All  man-holes  and  mud-holes  at  the  ends  of  the  boilers  to  have  stiffen- 
ing rings.  The  doors  to  be  of  wrought-iron  or  steel,  and  to  be  placed 
on  the  inside  of  the  boilers.  The  man-hole  frames  on  the  tops  of  the 
boilers  to  be  raised  about  6  inches,  and  the  covers  to  be  flat,  secured 
with  bolts  and  nuts. 

66.  The  stays  are  to  be  arranged  to  admit  of  easy  access  to  the  internal 

Sarts  of  the  boilers.  The  long  stays  to  be  secured  to  the  shells  of  the 
oilers  by  tee-steels  or  in  other  approved  manner ;  the  rivets  or  bolts  for 
securing  the  stays  to  be  at  least  25  per  cent,  stronger  than  the  stays. 
Palm  stays,  if  fitted,  are  to  be  forged  from  the  solid  and  not  welded. 
All  short  stays  are  to  be  screwed  to  a  pitch  of  eight  threads  per  inch. 
The  screwed  stays  to  be  nutted  on  all  fiat  surfaces.  The  maximum 
strain  on  the  bar  stays  at  the  working  pressure  must  not  exceed  8,000 
lbs.  per  square  inch  at  the  smallest  section,  and  on  the  short  screwed 
stays  6,000  lbs.  per  square  inch  at  the  bottom  of  the  thread. 

67.  Surface  bio  w-ofi'  as  well  as  bottom  blow-off  apparatus  to  be  fitted  to 
each  of  the  boilers,  and  tbex)ipes  to  be  so  arranged  that  each  boiler  may 
be  blown  off  separately.  The  blow-off  sea  cocks  or  valves  to  be  fitted 
with  guards  and  featherways,  and  the  spanners  to  have  correspond < 
ing  feathers,  so  that  they  cannot  be  removed  unless  the  cocks  are  shut. 
Screw-down  valves  are  to  be  fitted  on  each  boiler  shell  for  the  surface 
and  bottom  blow-ofis. 

68.  Pipes,  with  suitable  cocks  or  valves,  fitted  with  hose  connexions 
of  Amiralty  pattern  to  enable  flexible  hoses  to  be  attached,  are  to  be 
supplied  and  fitted  for  the  purpose  of  filling  the  boilers  of  small  steam- 
boats with  hot  water  from  the  main  boilers,  or  to  perndt  the  water  in 
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the  boats'  boilers  to  be  boiled  by  the  admission  of  steam,  as  may  be  da* 
termined. 

69.  Self-actiug  shut-off  valves  are  to  be  fitted  in  the  main  steam  pipes 
from  the  forward  and  after  boiler  rooms,  so  that  in  the  event  of  either 
of  the  boiler-rooms  becoming  flooded  or  the  steam  pipes  damaged,  its 
steam  connexion  may  be  shnt  off,  and  the  steam  from  the  remaining  boil- 
ers conveyed  through  the  main  steam  pipe  to  the  engines.  An  addi- 
tional screw-down  valve  is  to  be  fitted  between  these  self-acting  valves 
and  the  regulating  valves  at  the  engines.  The  main  and  anxilary  steam 
pipes  passing  through  the  after  boiler  room  to  the  engines  to  be  well 
clothed  with  felt  and  waterproof  canvas ;  the  flanges  to  be  clothed  sep- 
arately. The  shut-oft*  valves  to  be  worked  from  the  engine-room  and 
deck. 

70.  The  safety-valves  are  to  be  loaded  with  springs  on  an  approved 
plan  outside  the  boxes,  and  to  be  placed  on  the  boilers  independently 
of  the  internal  steam  pipes.  A  small  supplementary  test  valve,  about 
|-inch  diameter,  loaded  with  a  spring  to  5  lbs.  above  the  working  press- 
ure, to  be  placed  on  the  front  of  each  boiler.  A  pipe  connected  to  each 
safety-valve  box  to  be  provided  for  conveying'the  condensed  steam  to  a 
tank  which  is  to  be  placed  in  a  convenient  position.  Gear  to  be  fitted 
to  enable  the  safety-valves  to  be  relieved  from  the  boiler-room  floors 
and  deck,  the  gear  from  both  places  to  work  independently  of  each  other. 
All  the  joints  of  the  safety-valve  easing  gear  are  to  be  bushed  with  gun- 
metal  or  fitted  with  gun-metal  pins.  Ferrules  suitable  for  the  reduction 
of  pressure  (by  decrements  of  5  lbs.)  to  60  IbH.  per  square  inch,  to  be 
supplied  for  all  the  valves.  The  springs  to  be  so  made  that  the  amount 
of  compression  when  screwed  down  to  give  the  maximum  working  load 
shall  be  not  less  than  one  half  the  diameter  of  .the  valves.  Provision 
also  is  to  be  made  to  prevent  the  valves  being  blown  out  in  the  event 
of  the  springs  breaking.  The  area  of  the  valves  to  be  not  less  than  0.6 
square  inch  per  square  foot  of  fire  grate. 

71.  All  feed,  blow-off,  stop,  and  safety-valves,  and  their  t>oxes,  and 
the  boiler  mountings  generally,  are  to  be  made  of  gun-metal  of  the  fol- 
lowing composition :  90  parts  copper,  2^  zinc,  and  10  tin.  The  main 
and  auxiliary  feed  valves  are  to  be  constructed  so  that  they  can  be  reg- 
ulated by  a  screw.  The  main  feed  valves  are  to  be  placed  on  the  right* 
sides  of  the  boilers,  and  the  auxiliary  feed  valves  on  the  left-sides.  All 
valve  boxes  and  covers  are  to  be  secured  by  outside  flanges  where  prac- 
ticable, or,  if  otherwise  attached,  care  is  to  be  taken  that  the  bolts  do 
not  penetrate  into  steam  or  water  spaces.  Any  internal  apparatus  for 
working  the  safety-valves  is  to  be  of  gun-metal,  and  all  pipes  inside  the  I 
boilers  are  to  be  of  brass.  Valves  with  fittings  complete  are  to  be  pro-  I 
vided  for  cleaning  the  tubes  by  a  steam  jet.  All  bolts  which  penetrate  i 
the  shell  of  the  boiler  for  securing  the  boiler  mountings,  lagging,  or  any 
other  purpose,  are  where  practicable,  to  be  screwed  through  the  plate 
with  the  bolt  neads  inside.  Small  cocks  to  be  provided  for  effectually 
draining  the  steam  pipes,  stop- valve  boxes,  and  whistle  pipe.  All  valves 
and  cocks  in  connexion  with  the  boilers  are  to  have  spigots  passing 
through  the  plates.  Index  plates  are  to  be  fitted  on  the  fronts  of  the 
boilers  at  each  gauge  glass  to  indicate  the  positions  of  the  tops  of  the 
combustion  chambers  or  highest  part  of  heating  surface.  An  air  cock 
is  also  to  be  fitted  on  the  highest  part  of  each  boiler  shell. 

72.  The  main  auxiliary  stop  valves  on  each  boiler  are  to  be  made  self- 
acting,  of  approved  construction,  and  placed  with  the  spindles  horizon- 
tal. The  main  valves  to  have  suitable  index  plates,  and  are  to  be  so 
fitted  that  they  can  be  closed  frt>m  the  boiler-room  floors. 
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•  73.  After  fche  boilerH  have  been  proved,  they  are  to  be  well  painted 
with  red  lead ;  they  are  afterwards  to  be  clothed  in  an  approved  man- 
ner on  the  barrels  and  ends  with  silicate  cotton,  or  other  approved  non- 
combastile  material,  secured  by  steel  angles,  and  covered,  if  considered 
necessary,  with  galvanized  sheet-iron  or  steel  f^-inch  thick.  No  com- 
bustible material  is  to  be  fitted  in  connexion  with  the  clothing  of  the 
boilers.  The  spaces  between  the  doors  of  the  smoke  boxes  and  their 
external  plates  are  to  be  filled  with  silicate  cotton.  The  fronts  of  the 
boilers  to  be  clothed  with  silicate  cotton  and  iron  where  considered 
necessary. 

74.  The  boiler-room  floor  plates  to  be  of  wrought-iron,  ribbed,  and  to 
be  not  less  than  ^inch  in  thickness. 

75.  The  funnel  is  to  be  fixed,  placed,  and  fitted  as  shown  on  the  draw- 
ing. Tubes,  4sasings,  screens,  and  cowls  are  to  be  fitted  by  the  Oontrac- 
tors.  All  the  fittings  necessary  for  securing  the  funnel  are  to  be  fitted 
complete.  The  funnel  is  to  be  made  of  -^-inch  steel  plate,  stiffened  as 
may  be  required,  and  the  casings  are  to  be  of  steel  plate  0.].0  inch  in 
thickness.  A  suitable  cover  for  the  top  of  the  funnel  to  be  supplied. 
The  main  waste-steam  pipes  from  the  safety-valves,  and  the  auxiliary 
waste-steam  pipes  from  the  auxiliary  engines,  are  to  be  taken  up  sepa- 
rately through  the  casings  outside  the  funnel.  The  rake  of  the  funnel 
to  be  as  hereafter  decided.  The  height  of  the  funnels  from  the  dead 
plates  of  the  lower  furnaces  to  be  55  feet. 

76.  A  blast  pipe  2  inches  in  diameter,  with  four  nozzles  each  ^-inch 
in  diameter,  is  to  be  provided  and  fitted  for  the  funnel. 

77.  All  steam  blowing  fans,  casings,  and  screens  for  maintaining  the 
required  air  pressure  in  the  stokeholds  when  working  full  power  are  to 
be  included  in  the  contract.  The  number  and  position  of  these  fans  and 
engines  are  shown  on  the  drawings ;  the  Gontractors  will  be  required 
to  fit  them  complete  with  steam  and  exhaust  pipes,  &c.,  and  they  should 
be  capable  of  maintaining  an  air  pressure  in  the  boiler  rooms  equal  to 
a  head  of  water  of  3  inches. 

78.  Provision  is  to  be  made  by  the  Gontractors  by  means  of  air  pipes 
and  cowls  on  the  upper  deck  tor  bringing  down  a  sufficient  supply  of 
air  to  the  stokehold[s  and  furnaces  when  the  boiler  hatch  shutters  are 
open,  and  the  engines  are  required  to  work  at  reduced  power.  The 
cowl  heads  of  all  ventilating  tubes  to  be  carried  well  above  the  bulwarks 
of  the  ship. 

79.  The  boilers  will  be  subject  to  the  supervision  of  an  overseer,  who 
will  be  directed  to  attend  on  the  premises  of  the  Contractors  during  the 
progress  of  the  work  on  the  boilers,  to  examine  the  material  and  work- 
manship used  in  the  construction,  and  to  witness  the  prescribed  tests. 
The  extent  of  supervision  is  described  on  the  attached  paper  extracted 
from  Admiralty  Instructions  to  Overseers. 

GENEBAL. 

80.  The  air  tube  in  the  coal  boxes  for  ascertaining  their  temperature 
are  to  be  provided  and  fitted  by  the  Contractors. 

^1.  The  top  of  the  casings  on  the  upper  deck  is  to  be  fitted  with  grat- 
ings and  movable  covers,  and  openings  (fitted  with  sliding  doors)  are  to 
be  made  in  the  sides  and  after  ends  of  the  casings  to  permit  the  escape 
of  hot  air  when  the  gratings  on  the  top  are  covered  in  bad  weather. 

82.  Bails  or  skids  to  be  fitted  throughout  the  lower  coal  boxes,  if  re- 
quired, for  trimming  the  coal,  and  a  sufficient  number  of  trucks  and  coal 
buckets  to  be  provided. 
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83.  Aeh  tmnks  aod  steaai  boiste  complete,  with  four  backets  to  suit 
the  aHh  tranks,  are  to  be  provided  aod  fitted.  All  ash  tronks  to  have 
the  lower  part  made  telescopic,  so  that  it  may  be  lowered  to  within  4 
feet  of  tlie  boiler  room  floors,  and  fitted  so  that  they  may  be  ased  when 
the  stokeholes  are  under  pressure. 

84.  Spare  gear  is  to  be  provided  as  per  list  on  page  G,  the  several  ar- 
ticles to  be  accurately  fitted  and  tried  in  place  to  the  satis&ction  of  the 
Inspecting  Officer.  The  whole  to  be  stowed  on  board  the  ship  in  con- 
venient places,  as  may  be  arranged  to  suit  the  trim  of  the  ship,  and 
firmly  secured  by  straps  and  bolts,  or  by  any  other  means  which  may 
be  considered  necessary. 

85.  Tanks  are  to  be  supplied  and  fitted  to  hold  the  required  quantity 
of  oil,  tallow,  paint,  oakum,  india-rubber  valves,  and  other  Engineers' 
stores  for  six  months'  use.  These  tanks  to  be  fixed  in  the  Engineers' 
store-room,  or  elsewhere,  as  may  be  most  convenient,  with  brackets, 
straps,  and  the  necessary  fastenings  for  securing  them  in  place.  The 
tanks  not  placed  in  the  Engineers'  store-room  to  be  provided  with 
locks  or  other  means  of  securing  them. 

86.  The  glasses  of  the  water  gauges  on  the  boilers,  separators,  feed 
tanks,  and  air  extractors,  to  be  |-inch  external  diameter.  Those  of  the 
impermeators  to  be  -,Vlnch  diameter.  The  glasses  to  be  of  Admiralty 
pattern,  %.  «.,  with  white  enamelled  strips. 

87.  All  requisite  lubricators  and  water  service  pipes  tor  the  engines 
and  shafting,  gauges  fitted  with  lamps  of  Admiralty  pattern,  and  brass 
covers,  vessels  for  supplying  the  slide  valves  and  cylinders  with  oil,  and 
all  necessary  appliances  for  the  ready  removal  of  the  cylinder  covers, 
pistons,  and  other  parts  of  the  engines,  are  to  be  supplied  and  fitted  by 
the  Contractors,  to  the  satisfaction  of  the  Inspecting  Officer.  The  Con- 
tractors are  also  to  supply  and  fit  in  place  the  ladders,  platforms,  and 
floor  plates  required  for  the  engine  and  boiler  rooms,  the  fenders  and 
guard  rails  f^r  the  engine  rooms,  the  spanner  racks  in  the  engine  rooms 
with  a  complete  set  of  spanners,  and  the  necessary  racks  for  the  stowage 
of  the  fire-irons  in  the  boiler  rooms. 

88.  The  screw  threads  and  dimensions  of  all  ordinary  bolts,  nuts,  and 
pins  used  in  the  engines  and  boilers,  and  in  every  other  part  of  the  work 
furnished  by  the  Contractors,  are  to  agree  with  Whitworth's  standards. 
All  iron  bright  nuts  ^-inch  and  under,  to  be  case-hardened.  Particulars 
of  the  following  will,  on  application,  be  furnished  to  the  Contractors, 
viz,  Eangston's  valves,  engine  room  telegraphs,  water  gauges,  sockets 
for  indicators,  fog  whistle,  pressure,  compound,  and  vacuum  gauges, 
cocks  and  valves,  and  all  other  small  fittings,  to  which  they  will  be  re- 
quired to  conform. 

89.  Such  parts  of  the  engines,  boilers,  and  other  work  supplied  by 
the  Contractors  as  are  usually  painted  to  have  at  least  three  coats  of 
paint.  The  boilers  are  not  to  be  painted  until  after  they  have  been 
proved  to  the  satisfaction  of  the  Inspecting  Officer. 

90.  Drawings,  as  per  list  on  page  D  (with  the  exception  of  the  last), 
are  to  be  submitted  before  approval  before  the  work  is  taken  in  ha/nd  ;  it 
is  to  be  understood,  however,  that  the  approval  of  drawings  will  not 
exonerate  the  Contractors  from  any  responsibility  in  connexion  with 
the  work. 

91.  The  Contractors  are  not  to  introduce  any  contrivance  which  has 
not  been  tried  and  approved,  without  the  express  sanction  of  their 
Lordships. 

92.  The  Contractors  will  have  to  provide  the  coal  for  such  prelimin- 
ary trials  as  they  may  have  to  make  for  testing  the  efficiency  of  the 
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machinery.  They  will  also  have  to  provide  the  coal  for  the  official  trials. 
Welsh  coal  only  is  to  be  used  on  the  official  trials.  Mineral  oil  only,  of 
approved  quality,  to  be  nsed  in  the  cylinders  and  internal  parts  of  the 
engines  by  the  Contractors. 

93.  A  preliminary  trial  of  the  engines  under  way  will  be  necessary 
near  the  works  of  the  Contractors,  but  the  final  trials  of  the  machinery 
at  sea  are  to  take  place  from  any  one  of  Her  Majesty's  Dockyards  that 
may  be  determined  on,  before  the  engines  will  be  accepted  by  the  Ad- 
miralty. 

94.  All  charge  of  Navigation  irom  the  works  of  the  Contractors  to 
t^e  Dockyard  from  which  the  final  trials  will  be  made  will  l)e  borne  by 
the  Admiralty,  but  a  representative  of  the  Contractors  will  be  expected 
to  attend  on  board  during  the  passage. 

95.  This  Specification  is  intended  to  include  the  whole  of  the  fittings 
in  connexion  with  the  engine  department  usual  in  ships  of  the  Boyal 
Navy ;  so  that,  with  the  exception  of  engineers'  stores,  the  ship  shall 
be  in  all  respects,  as  reganls  the  engine  department,  complete  and  ready 
for  service  at  sea.  It  is  therefore  expressly  to  be  understood  that  all 
minor  fittings  which  may  not  be  mentioned  in  the  Specification,  but 
which  may  be  considered  by  the  Inspecting  Officers  as  requisite  for  the 
proper  completion  or  the  machinery,  are  to  be  provided  by  the  Con- 
tractors without  extra  charge. 

96.  The  Contract  is  to  be  executed  in  every  respect  to  the  satisfaction 
of  the  Controller  of  the  Navy,  who  will,  as  he  may  see  fit,  appoint  offi- 
cers to  inspect  the  machinery  while  it  is  being  constructed  on  the  prem- 
ises of  the  Contractors,  and  being  erected  on  board  the  ship. 

97.  The  Contractors  will  be  held  responsible  for  the  efficiency  of  the 
machinery  for  a  period  of  twelve  months  after  it  has  been  accepted  by 
the  Admiralty,  and  any  parts  which  during  that  period  may  be  fbund 
defective  or  showing  symptoms  of  weakness,  owing  to  faulty  design, 
materials,  or  workmanship,  must  be  repaired,  or  removed  and  others 
substituted  for  them,  by  the  Contractors  at  their  own  expense ;  or  the 
Admiralty  may,  at  their  option,  make  such  repairs  and  removals  and 
charge  the  expense  to  the  Contractors.  The  cost  of  making  good  any 
defects  which  may  arise  from  fair  wear  and  tear,  or  from  improper  man- 
agement on  the  part  of  the  engineers  of  the  ship,  will  be  borne  by  the 
Admiralty. 

98.  The  engines  to  be  delivered  ready  to  be  fixed  on  board  the 
at  by  the  188  . 

Signature  of  the  Parties  ) 
tendering.  f 
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fication. 

laolnding  the  ereotion  on  board  and 
all  other  items  of  ezpenaerelatlag  ta 
the  bofleia  mentioned  In  the  Speei- 


To  be  oaloolated  tnm  the  data 


iTo  be  oaloolated  tnm 
abip  ia  plaeed  la  tha 
Coatraetanlivrthlap 


the 
of  tba 


Total  Cost £ 

Date  when  the  engines  will  be  delivered  eomplete,  I 
ready  to  be  put  on  board > 

Fnrther  time  required  for  fixing  the  whole  in  the  l 
vessel,  so  as  to  bo  fit  for  service 5 

At  what  place  the  enginea  are  to  be  flsed  on  board 
The  oonatruotion  of  the  engines  is  to  be  here  fully  deooribed. 

PartiotUara  of  Engines  to  b€  inserted  m/oUmm. 

Piston  Rodn.    Number  to  each  cylinder 

**  Diameter 

Connecting  Rods.    Diameter  at  middle 

•'  "  ends 

**  Length  between  centres 

Crank  Shaft  Journals.    Diameter 

*'         Bearings.    Total  length 

Crank  Pins.    Diameter 

"  Length 

Propeller  Shaft  Journals.    Diameter 

Thrust  Shaft  Journals.    Diameter 

Stem  Shaft.    Diameter,  within  casing 

Surface  Condmiser.    Total  cooling  snnaoe 

**  Tubes.    Length  between  tube  plates 

"  "         External  Diameter 

"  "         Thickness,  inches 

"  "         Water  inside  or  outside! 

**  Intermediate  Tube  Plates.    Number 

^                    Can  Tabes  be  drawn  without  remoying  a  portion  of  Coal  Boxes, 
or  any  important  part  of  the  machinery  t 
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Circulating  Pumps.    Description 

"  Diameter 

Stroke 

Engine.    Number  of  Cylinders 

•*  Diameter  of 

"  Stroke 

**  Estimated  number  of  revolutions  per  minute 

Air  Pumps.     Diameter 

*•  Stroke •. 

''  Sinele  or  double  acting 

Fan  Engines  for  forced  draught.     Number • 

"  "  Diameter  of  Cylinders 

'*  **  Stroke 

"  "  Diameter  of  Fans 

"  **  Revolutions  at  full  power 

Main  Steam  Pipe.   Diameter 

"    Feed        •*  "         

Each  Blow-off  Pipe     " 

Circulating  Pump  Suction  Pipes.    Diameter 

**         Discharge  Pipes        **  

Bilge  Injection  **  **  "  

Bilge  Suction  Pipes  to  Circulating  Pumps.    Diameter 

Air  Pump  Discharge  Pipes.    Diameter 

The  coDBtructioii  and  dimensions  of  the  boilers,  and  the  thickness  of 
the  plates  of  the  varioaa  parts  of  them,  the  size  of  the  fire  grates,  the 
nnmber,  length,  and  diameter  of  the  tabes,  and  the  size  of  the  funnel 
to  be  here  stated. 

The  whole  to  be  made  of  the  best  materials,  and  the  best  workman 
ship  employed. 

Signature  and  address  of  parties  t^nderiDg  :— 


Date  of  Tender . 

a 

/vt«/  of  Spare  Gear  for  ^nginw  of  2,000  IndioaM  Horw  Power. 

SPARK  OBAR. 

No. 

Air  Pump  Connecting  Bod 1 

Air  Pump  Rod - 1 

Air  Pump  Cross  Head  (if  so  fitted) 1 

Bars.    Furnace  for  each  Boiler i  set 

Bearers  for  one  Furnace,  for  each  Boiler 1  set 

Blocks,   Link,  or  Quadrant,  for  Slide  Gear,  for  each  set  of  En- 
gines         1  set  eomptote 

Bolts  and  Nuts  complete  for  one  Screw  Shaft  Coupling 1  set 

(If  the  coupling  bolts  or  of  different  sizes  or  tenths  i  set  of 
each  size  is  to  be  supplied  as  spare.) 
Bolts  and  nuts  turned  and  fitted  for  engines,  properly  assorted. . .    340 
Bolts  and  Nuts,  assorted,  for  Boilers,  sufficient  to  re-make  the 

Joints  of  the  Doors. 
Brasses,  Engine  Shaft,  Crank  Pin  (with  bolts)  and  Pump  Shaft, 

1  set  complete  for  each  Circulating  Pump  and  Engine. 
Brasses,  Shaft  and  Crank  Pin  (with  bolts)  for  main  and  auxiliary 

Feed  (and  Bilge}  Engines  of  each  size 1  set  complete 

Bashes  (Qun-metol)  for  link  motion  (if  so  fitted) 1  for  each  Joint 

Collars,  Gun-metal,  Thrust  rif  so  fitted) 1  set 

Cylinder  Cover  of  each  kina  (with  Escape  Yalves),  complete....        1 
Cylinder  Cross  Head,  with  Guide  Blocks  complete  (if  so  fitted),  of 

each  kind 1 

Eccentric  Rod  and  Strap,  of  every  size,  complete,  for  Main  andCir- 

•  culating  Engines,  and  also  for  Main  and  auxiliary  Feed  Engines.        1  each 

Goose  Neck  for  Deck  Plate  of  Hand  Pump  and  Fire  Engines 1  c^-^^ 

High  Pressure  Cylinder  Face,  with  Screws  complete  for  each  En- 
gine         1 


80  ORDNANCE    AND    WAR   SHIPS. 

High  Pressare  Slide  Valve,  complete,  for  eaoh  Engine 1 

Lignam-Vitfld  Strips  and  Facings,  for  all  parts  so  fitted 1  set 

Piston  aDd  Rod  ot  each  size,  complete 1 

Propeller  Blade,  right  and  left  handed,  with  Bolts,  Am.,  for  eaoh 

Blade,  complete leaeh 

Rod,  Connecting,  complete 1 

Rod,  Slide,  of  each  size,  with  Gnide,  Crosshead,  and  Nats,  com- 
plete, or  in  duplicate  (if  BO  fitted) 1 

•Screwed  Stays  for  Boilers,'  i^^h  inch  larger  than  required  when 

new,  for  one  Boiler : 1  set 

Screws,  Packing,  for  Slides,  complete,  for  one  set  of  Engines....        1  set 

Shackles  for  Propeller  Blade S 

Spare  Gear  for  Circulating  Pomps Asreqnind 

Springs  for  each  working  Piston I  set 

Springs  for  other  parts  of  Engines,  for  each  set  of  Engines I  set  complete 

Springs  for  Safety  Valves,  for  one  Boiler 2  sets 

Stoppers  and  Bars  for  Tabes,  i^^th  the  whole  number  of  Stay  Tubes 

fitted. 
Tubes,  Stay,  for  Boilers,  fi^rth  the  whole  number  of  Stay  Tubes 

fitted. 
Tubes.  Surface  Coadenser,  Screw  Glands  for  -^th  of  the  whole  num- 
ber fitted. 
Valves  of  Vulcanized  India-Rnbber,  for  eaoh  fitted  in  the  Main  and 

Auxiliary  Engines 3 

White  Metal  Bearings^  Mandrils  for I  set 

Note. — Such  Articles  contained  in  this  List  as  are  not  to  be  found  in  the  particular 
kind  of  Engine  tendered  for  are  to  be  struck  out  by  the  parties  tendering,  and  any 
Articles  added  to  it  which,  from  the  construction  of  the  Engines  and  Propeller  Machin- 
ery, may  be  considered  necessary. 

Signature  of  the  parties  tendering-^ 

D. 

DBAWINaS  TO  BE  SUPPLIED. 

NoTK.— All  drawings  to  be  made  on  tracing  cloth  and  marked  with  figured  dimen- 
sions. The  quality  and  maker's  name  of  all  steel  proposed  to  be  used  to  be  marked 
on  the  drawings. 

1.  A  general  arraDgement  of  the  machinery,  embodying  any  modi- 
fications on  the  Tender  which  may  be  decided  on,  drawn  to  scale  of  not 
less  than  ^-inch  to  the  foot. 

2.  The  engine,  shafts  and  boiler  bearers  shown  fully  for  the  guidance 
of  the  shipbuilders.  This  tracing  to  have  indicated  on  it  the  positions 
of  all  holding-down  bolts  in  connection  with  the  machinery,  and  to  be 
forwarded  as  soon  as  possible  after  approval  of  the  general  arrange- 
ment of  the  machinery. 

3.  Details  of  the  boilers,  to  a  scale  of  not  less  than  1  inch  to  the  foot 
This  tracing  to  show  the  stays,  joints  of  plates,  mode  of  flitting  tubes, 
furnace  frames  and  doors,  zinc  blocks,  man-holes  and  mud-holes,  ash 
tubes,  &c.  . 

A  duplicate  tracing  will  also  be  required  of  the  approved  drawing  for 
the  use  of  the  Boiler  Overseer. 

4.  Details  of  cylinders,  covers,  pistons,  and  piston  rods,  showing  fully 
the  proposed  manner  of.  staying  steam  ports  and  other  parts. 

5.  Details  of  slide,  and  starting  valves,  their  seatings,  jackets,  rods, 
and  all  gear  connected  with  them. 

6.  Arrangement  of  Kingston's  valves,  sea  suction  valves  and  cocks, 
and  discbarge  valves,  with  the  proposed  method  of  attaching  them  t^ 
the  skin  of  the  ship. 


ORDNANCE    AND    WAR    SHIPS.  81 

7.  Details  of  E^ingston's  sea  sactioDSy  discbarge,  and  sluice  valves  to 
a  scale  of  not  less  than  ^  size. 

8.  Crank  shaft  with  coapling  bolts,  &c.,  complete,  to  scale  of  not  less 
li  inch  to  the  foot,  also  gear  for  turning  and  holding  the  engines. 

9.  Details  of  connecting  rods. 

10.  Details  of  condenser,  showing  the  manner  of  securing  and  pack> 
ing  tubes,  &c. 

11.  Details  of  air  pumps,  showing  valves,  valve  boxes,  bilge  injec- 
tion, and  all  gear  complete. 

12.  General  arrangement  and  details  of  circulatingengines  and  pumps, 
with  all  suction  and  delivery  pipes  and  gear  complete. 

13.  Details  of  eccentrics,  straps,  and  rods,  slide  and  starting  gear 
complete. 

14.  Details  of  stern  tubes  and  stern  fittings  complete. 

15.  Screw  propeller.  Full  details  of  boss,  blades,  and  method  of  at- 
tachment of  blades,  and  feathering  arrangement  complete. 

16.  The  proposed  arrangement  of  funnel,  casings,  and  all  fittings  for 
ventilation,  also  ash -hoisting  gear. 

17.  Type  and  details  of  fan  engines  and  fans  with  connexions. 

18.  Details  of  stop  and  safety-valves  and  their  boxes,  with  all  gear 
complete. 

19.  Details  of  regulating  and  shut-oft*  valves,  and  their  chests  com- 
plete. 

20.  Arrangement  of  the  main  and  auxiliary  steam  and  exhaust  pipes 
in  the  engine  and  boiler  rooms,  showing  the  position  and  number  of  ex- 
pansion joints  proposed  to  be  fitted  in  them. 

21.  General  arrangement  (approximate)  of  all  other  pipes  in  engine 
and  boiler  rooms,  with  positions  of  auxiliary  engines,  hand  pump,  feed 
tank,  &c. 

22.  Arrangement  of  main  feed  pipes  with  escapes,  valves,  &c.,  com- 
plete. 

23.  Pumping  arrangements  showing  proposed  positions  of  all  bilge 
pumping  engines  ana  approximate  positions  of  all  suction  and  dis- 
charge pipes. 

24.  Separator  and  fittings  in  detail. 

25.  Engine  framing  and  thrust  block  in  detail ;  also  thrust  and  pro- 
-peller  shafts. 

26.  Proposed  arrangement  of  boiler  mountings  to  scale  of  not  less 
than  U  inch  to  the  foot. 

27.  Slide  valve  diagram  showing  setting  of  the  slides  and  distribu- 
tion of  the  steam. 

28.  General  drawing  of  the  machinery  as  fitted  on  board,  to  a  scale 
of  not  less  than  ^-inch  to  the  foot.  This  drawing  is  to  be  furnished 
after  the  completion  of  the  work,  and  is  to  show  the  complete  arrange- 
ment for  ventilating  engine  and  boiler  rooms,  the  arrangement  of  pipes, 
cocks,  and  valves,  and  also  the  stem  fittings. 

NoTB.— The  Contractors  wiU  be  expected  to  supply  any  other  detail  drawings,  in 
addition  to  those  above  enumerated,  that  may  be  required  by  the  Admiralty. 

Signature  of  the  parties  tendering-^ 
4983  OB 6 
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FOSM  APPUOABLB  TO  SHIP  BUILDDTO  BT  OOHTBAOT.* 

OONDITIONS  OF  TENDBRINa  FOB  MABINB  8TBAX  MAOHINBBY. 

1.  That  the  Tender  shall  be  in  acooFdance  with  the  accompanying 
Tracing,  Specification  of  Engines^  List  of  Tools,  &c.,  and  upon  the 
printed  Form  enclosed,  every  particular  in  which  f'orm  shall  be  stridly 
and  carefully  filled  up. 

2.  That  the  Tender  shall  be  delivered,  together  with  a  copy  of  the 
Specification,  and  of  the  List  of  Tools,  &c.,  all  duly  dated  and  signed, 
at  the  Admiralty,  Whitehall,  not  later  than  2  p.  m.  on  , 
in  a  sealed  cover,  addressed  to  the  Secretary  of  the  Admiralty,  Ship 
Branch,  and  marked  on  the  left-hand  lower  comer  <<  Tender  for  Marine 
Engines,^  and  that  all  drawings  accompanying  them  shall  be  signed, 
and  that  all  models  accompanying  them  and  the  boxes  containing  them 
shall  be  distinctly  marked  with  the  names  of  the  parties  tendering. 

3.  That  the  whole  weight  of  the  engines  (with  the  water  in  the  surface 
condensers),  boilers  (with  water  in  them),  screw  propellers,  spare  gear, 
floor  plates,  ladders,  guard  rails,  and  all  other  articles  to  be  supplied 
under  the  Contract,  shall  be  specified  in  the  Tender. 

4.  Parties  whose  Tender  shall  be  accepted  undertake  to  execute  tlie 
usual  Gontract,  such  as  that  exhibited,  and  to  enter  into  the  Bond  re- 
quired by  the  Contract  in  a  round  sum  equal  to  about  25  per  cent,  of  the 
total  Contract  price,  binding  them  to  the  due  and  complete  fulfilment  of 
the  Contract 

5.  That  it  being  considered  of  great  importance  that  the  weight 
should  be  accurately  specified,  a  clause  shall  be  inserted  in  the  Con- 
tract to  be  entered  into,  binding  the  Contractor  to  submit  to  a  reduc- 
tion from  the  Contract  price  of  three  shillings  for  each  specified  Indi- 
cated Horsepower,  if  the  actual  weight  shall  exceed  the  estimated 
weight  by  5  per  cent.,  and  a  further  reduction  of  two  shillings  for  each 
specified  Indicated  Horse-power  for  every  additional  excess  of  one-half 
per  cent,  above  5  per  cent. 

6.  That  a  clause  shall  also  be  inserted  in  the  Contract  to  the  efllect 
that  if  the  weight  of  the  engines,  boilers,  &c..  shall  exceed  by  10  per 
cent,  the  weight  specified  by  the  Contiactors,  the  Lords  Commissioners 
of  the  Admiralty  may,  if  they  think  fit,  r^ect  the  eugines  altogether, 

'  and  the  Contractors  shall  either  supply  new,  or  pay  back  all  the  money 
they  have  received  on  those  rejected,  as  their  Lordships  may  determine. 

7.  That  the  final  instalment  on  the  engines,  &c.,  shall  not  be  paid 
until  the  actual  weight  has  been  ascertain^. 

8.  That  a  clause  shall  also  be  inserted  in  the  Contract  providing  that 
if  the  engines,  boilers,  &c.,  shall  be  delivered  by  the  Contractors  at 

,  ready  to  be  fixed  on  board  at  an  earlier  date  than 
,  they  shall  be  paid,  in  addition  to  the  Contract  price 
of  the  engines,  &c.,  a  premium  of  £  a  day  from  the  day  of  such 

delivery  to  the  day  of  ,  and  further  that  in  case  the 

engines,  boilers,  &c.,  shall  be  fixed  by  them  on  board  the  ship  complete, 
and  ready  to  set  to  work  within  a  shorter  period  than  days 

from  the  day  on  which  the  vessel  shall  be  placed  in  their  hands  for  ti^e 
purpose  of  having  the  engines  fixed  on  board,  they  shall  be  paid  a 
further  premium  of  £  a  day  for  each  day  from  the  day  on 

which  the  engines,  &c.,  shall  be  fixed  on  board  complete,  and  ready  to 

*  Extract  from  the  appendix  of  the  report  of  the  British  committee  on  the  build- 
ing and  repairs  of  ships.    October,  1884. 
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set  to  wm^k-np  to  the  expiration  of  the  days ;  but  if  on 

the  other  hand  the  engines,  &€.,  are  not  delivered  by  the  Contract  time, 
a  penalty  of  £  aday  shall  be  inflicted  for  each  day's  delay 

beyond  the  date  fixed  for  delivery,  and  further  that  if  the  engines  are 
not  fixed  on  board  by  the  time  agreed  npon,  a  similar  penalty  of  £ 
for  each  day's  delay  shall  be  enforced  for  each  day  beyond  the 
days  allowed  for  that  purpose. 
9.  That  their  Lordships  do  not  bind  themselves  to  accept  the  lowest 
or  any  Tender. 


C0HTBA0T0B*8  8PB0IFI0ATI0H  FOB  A  SHIP  BUILT  FOB  A  FOBEIGH 

OOySBHKEirT.* 

Twin  Abmoub-gl ad  Tubbet-Ship  '^  Biaghxtelo," 5,685  tons  (Displace- 
ment), as  proposed  to  be  built  by  Samuda  Brothers,  of  Poplar,  Lon- 
don, for  the  service  of  the  Imperial  Brazilian  Government. 


General  Statement  of  JHmetmcns,  Armament,  Engines,  ^o.,  required,  and  Estimaie  of 

Wek/hie, 

Dimensions. 

Length  between  the  perpendionlarfi .* 300  feet. 

Breadth  of  Be»m,  extreme  on  water  line 52  feet. 

Depth  ^m  Garboard  Strake  to  underside  of  Main  Deck 22  feet  3  inches. 

Dranffht  of  water,  at  load  line ^...  Not  to  exceed  20  feet. 

Height  of  Port,  above  L.  W.  line 12  feet  2  inches. 

Displacement,  at  load  line 5,685  tons. 

Do.  per  inch 31  tons. 

£n^pnes — Indicated  horse  iM>wer 6,000. 

Estimated  speed  per  hour,  in  knots,  with  872  tons  deadweight 

on  board 15  knots. 

Complement  of  Men  and  Officers 250. 

Armament — ^Fonr  9-inch  20  tons  Breech-loading  Guns  in  two 
Beyolving  Turrets,  and  six  4f-inch  ditto  ditto, 
and  two  7-pounder  Guns,  one  on  top  of  each 
turret. 

Height  of  Armour  ahove  L.  W.  L.  on  Breastwork 12  feet  6  inches. 

"  "  on  Belt 3feet. 

Depth  below  L.  W.  Line 4  feet. 

Thickness  of  Armour  on  Belt 11»  10,  and  7  inches. 

"  "        on  Breastwork 10  inches. 

"  **        on  Turrets 13  inches. 

Deck  plating— Main  and  Lower  Decks 2  inches. 

Deck  over  Breastwork 3  inches. 

Thickness  of  Backing  amidships 10  inches. 

ESTIMATK  OF  WkIQBTB. 

Hull  of  Vessels 1,760 

Armour  Plates  and  Fastening 1,120 

Teak  Backing 130 

Deck- Plating  on  Main  Deck  and  over  Breastwork 350 

Masts,  Spars,  Riffffing,  Blocks,  and  Sails ()5 

Anchors  and  Cables 75 

Boat«,  Galleys,  Condensers,  &c ;J5 

Wood  and  Metal  Sheathing 1«9 

3,605 

*  Extract  from  the  appendix  of  the  report  of  the  British  committee  on  the  build- 
ing and  repairs  of  ships.    October,  1884. 
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Eaginet,  Boilers,  and  Spare  Gear * 1, 070 

Armament  Gnns,  Ammnnition,  Small  Arms,  Turret  Eagiuesi  Hydraaiio         ^ 
Apparatus,  and  other  Gear  supplied  by  Sir  W.  G.  Armstrong  and  Co..    300 

'Iloai  (Bunkers  to  contain  800  tons) 400 

Officers,  Men,  and  Effects 32 

Water  for  four  weeks ^ 

Provisions,  Spirits,  &.C.,  for  12  weeks \\AQ 

Officers'  Stores,  Slops,  Wood,  Sand,  and  Holystone f 

Warrant  Officers' and  Engineers*  Stores J 


W72 


5,637 
Margin 48 

5,68f) 

Displacement  of  vesnel  at  load  line,  5,085  tons. 

SPECIFICATION. 

Draught  of  Water. — ^The  Conti^actor  engages  that  the  extreme  draught 
of  the  ship  in  salt  water  when  complete  with  all  fittings,  with  machinery, 
boilers,  and  water  on  board,  anchors,  cables,  masts,  rigging,  and  sails 
in  place,  and  a  dead  weight  of  872  tons  on  board  (consisting  of  or  repre- 
senting armament,  ammunition,  coal,  and  stores),  shall  not  exceed  20 
feet. 

Speed, — And  the  mean  speed  so  laden  shall  be  15  knots  when  tested 
at  the  Government  measured  mile  at  the  Maplin  Sands.  The  mean 
speed  of  the  vessel  to  be  based  ou  six  runs,  and  calculated  from  these 
runs  on  the  Admiralty  system. 

Metacentrio  Height'-^The  vessel  to  be  so  designed  and  constructed  that 
when  loaded  for  sea  she  shall  have  a  metacentric  height  above  the 
centre  of  gravity  of  not  less  than  3  feet ;  and  when  lightened  to  any  ex- 
tent by  the  consumption  of  coal  or  stores,  or  by  the  removal  of  water 
from  the  boilers  or  condensers,  she  shall  have  at  all  the  stages  of  light- 
ening a  metacentric  height  of  not  less  than  two  and  one-haU'feet. 

The  metacentric  height  shall  be  ascertained  by  an  inclining  experi* 
ment,  as  usual  in  ships  for  Her  Majesty's  Navy. 

The  Veseel.'-To  be  constructed  of  steel,  having  two  armour-plated  tur- 
rets, each  protected  by  an  armour-plated  breastwork,  and  each  capable 
of  carrying  and  working  two  of  Armstrongs  improved  type  9-inoh  20 
tons  breech-loading  guns,  and  to  be  fitted  for  working  six  4f-inch  guns 
on  upper  deck. 

To  have  a  water-line  belt  of  armour  for  250  feet  amidships,  extending 
tvom  4  feet  below  the  water-line  to  the  main  deck,  and  inclined  armour 
inside  the  vessel  arranged  so  as  to  give  great  strength  to  the  ram,  and 
to  complete  the  armour  protection  all  fore  and  aft. 

The  armour  plates  to  be  worked  on  a  teak  backing,  generally  8  to  11 
inches  thick,  supported  by  topside  plating  1  inch  thick. 

To  be  fitted  to  receive  two  pairs  of  marine  compound  surface  condeuB- 
ing  engines  of  the  collective  indicated  power  of  6,000  horses. 

Principal  Dimensifms, 

Feot  Inohea. 

Length  between  the  perpendiculars 300         0 

Breadth  of  beam,  extreme  on  water  line 52         0 

Depth  amidships  tcom  top  of  flat  keel  to  underside  of  main  deck 22         :i 

Veriioal  Centre  Keel  Plate, — 36  inches  deep  and  i  inch  thick  in  the 
double  bottom.    Before  and  abaft  the  double  bottom  the  depth  is  to  be 
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t^ednced  by.  4  inches,  and  to  taper  towards  the  stem  and  Rt^ni,  as  may 
be  required.    Plates  to  be  12  feet  long. 

The  bntts  of  the  vertical  keel  plate  are  to  be  secured  with  double  straps, 
one  on  each  side,  ^  inch  thick,  to  be  treble  riveted  ;  their  length  to  be 
16^  times  the  diameter  of  the  rivets. 

The  flat  keel  plate  is  to  be  worked  as  shown  on  the  Midship  Section ; 
the  angle-bars  connecting  the  vertical  keel  plate  and  the  flat  keel  plate 
tobe4''  X  4:"  X  ^ff". 

The  vertical  centre  keel  plate  to  be  caulked  and  made  watertight,  so 
that  it  may  divide  the  double  bottom  into  separate  compartments. 

Angle  Bars  on  tap  of  Vertic€tl  Keel. — ^To  be  3"  x  3"  X  f  ",  worked  in 
short  lengths,  with  turned-down  ends  in  the  double  bottom,  before  and 
abaft  the  double  bottom,  commencing  from  where  the  vertical  keel  is 
reduced  in  depth ;  these  angle-bars  are  to  be  continuous. 

Stem  Framing. — ^To  be  of  approved  composition.  It  is  necessary  to 
keep  the  external  breadth  of  the  ship  in  way  of  the  rudder  head  as  small 
as  possible,  allowing  sufficient  room  within.  In  order  to  do  this  it  is 
proposed  to  house  tiie  ends  of  the  wood  sheathing  before  the  rudder 
head,  and  form  in  a  casting  the  side  of  the  ship  from  the  head  of  the  post 
at  the  counter  to  the  height  of  armour  deck;  also  to  include  in  the  cast- 
ing sufficient  of  the  armour  deck  to  admit  of  a  good  attachment  of  the 
protective  plating,  which  will  end  here ;  the  fore  end  of  the  casting  is 
to  form  the  angles  for  housing  the  ends  of  the  sheathing.  The  Oon- 
tractors  are  also  to  consider  whether  it  would  be  desirable  to  make  this 
part  in  one  with  the  post,  or  to  adopt  one  or  more  castings  separate  from 
the  post. 

Shaft  Tabes. — Each  to  be  formed  of  a  brass  tube  for  the  reception  ot 
the  propeller  shaft,  to  be  in  one  thickness  as  the  Overseer  may  direct, 
to  be  firmly  supported  at  the  after  end  by  a  brass  crutch  well  secured  to 
the  hull  of  the  ship. 

The  tube  and  crutches  to  be  efficiently  connected  to  the  vessel.  The 
ends  of  the  tubes  and  near  their  junctions  with  the  bottom  may  be  of 
steel  and  sheathed  like  the  bottom. 

Stem. — To  be  a  casting  of  approved  composition^  and  to  be  carried 
as  high  as  may  be  considered  necessary.  Above  this,  the  stem  is  to  be 
completed  by  an  iron  or  steel  forging,  to  be  securely  attached  to  the  head 
of  the  casting.  The  horizontal  plate  of  the  ram  is  to  be  included  in 
the  casting,  and  care  is  to  be  taken  that  all  available  means  are  to  be 
used  to  stmbn  the  stem  in  the  way  of  the  ram ,  and  form  a  good  attach- 
ment to  the  protective  plating. 


Longitadinal  fnuiiM. 


No.  1,  or  annoiir  shelf. . . . 
"   2,  looj!:itadin«l  ftwDo, 

"    4, 
..    ^ 


PlMot 
Amid- 
ships, 


Aagk-hftrs. 


Inner  Bdge.  OaterBdgo^ 


4"  X  4"  X  4" 
»"  X  y  X  I" 

3"  X  8"  X  I" 
8"  X  8"  +  \' 
8"  X  8"  X  I" 


4f'  X  4"  X  i 
»"  X  8"  X  ] 
8"  X  8"  X  ] 
8"  X  8"  X 
8"  X  3"  X  I 


The  longitudinals  ai*e  to  be  continuous,  and  are  to  tai>er  at  ends  as 
may  be  required.  Towards  the  ends  of  the  vessel  one  of  the  longitudi- 
nals may  be  discontinued.  Nos.  2, 3,  4,  and  5  are  to  be  scored  over  the 
angle  bars  on  the  outer  edges  of  transverse  frames,  and  are  to  be  at- 
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tached  to  ekin  by  short  angle-bars.  Also  for  the  extent  of  tbe  doable 
bottom  scores  are  to  be  ma^e  on  the  inner  edges  of  Nos.  3,  4,  and  5,  to 
permit  the  reverse  frames  to  pass  through  unbroken.  For  the  extent 
of  the  double  bottom  No.  3  longitudinal  is  to  be  caulked  and  made  wa- 
tertight. Before  and  abaft  the  double  bottom  these  longitudinaJs  are 
to  be  decreased  in  depth  on  their  inner  edges  to  4  inches  less  than  the 
depth  of  the  frames.  Plates  to  be  generaUy  18  feet  long.  The  inner 
angle-bars  on  the  longitudinals  are  to  be  worked  in  short  lengths  be- 
tween the  frames  in  the  double  bottom,  but  are  to  be  continuous  before 
and  abaft  it  The  inner  angle-bars  of  the  2nd  longitudinal  are  to  be 
continuous  all  fore  and  aft.  The  plates  of  the  2nd,  4th,  and  5th  longi- 
tudinals are  to  be  pierced  with  holes  between  the  frames  in  the  double 
bottom,  and  as  far  forward  and  aft  as  may  be  desirable. 

Care  to  be  taken  that  the  holes  in  adjacent  longitudinals  are  so  dis- 
posed as  not  to  come  in  the  same  bay,  nor  yet  be  over  a  butt  of  the  bot- 
tom plating,  so  that  there  may  be,  as  far  as  possible,  an  uniformity  of 
strength  in  each  opening  between  the  frames,  and  also  that  facility  may 
be  given  for  the  proper  survey  of  the  vessel. 

Transverse  Frames  behind  Armour. — Behind  the  armour  and  on  sides 
from  one  end  of  ship  to  the  other,  transverse  frames  are  to  be  2  feet 
apart,  each  to  be  formed  of  an  angle-iron  8"  x  3"  x  tV'S  with  one  angle- 
bar  on  the  outside  3J'^  x  3''  x  f '^  The  altomate  frames  are  to  extend 
down  to  the  longitudinal  next  below  the  armour  shelf.  The  heels  of 
these  frames  are  supported  by  the  ordinary  firames  in  double  bottom, 
which  are  4  feet  apart ;  the  intermediate  frames  are  to  extend  2  feet 
below  armour  shelf,  and  are  to  be  supported  by  short  bracket  plates  2 
feet  deep  and  ^  inch  thick,  and  angle-bars  3}''  x  3''  x  i^'  worked  be- 
low the  recess  plate. 

Transverse  Frames  in  Double  Bottom. — These  frames  are  to  be  4  feet 
apart  throughout.  They  are  to  be  composed  of  solid  watertight  fhtmes 
about  20  feet  apart  and  of  intermediate  bracket-frames,  all  ^  inch  thick 
of  a  continuous  angle- bar  ^"  x  ^'*  x  f  on  outer  edge,  extending  from 
armour  shelf  to  keel,  also  of  continuous  angle-bar  ^^"  x  ^'  x  f  on  in- 
ner edge,  extending  fi^om  No.  2  longitudinal  on  one  side  to  No.  2  longi- 
tudinal on  the  other  side. 

The  short  angle-bars  conuecting  the  bracket-plates  to  the  longitudi- 
nals to  be  3"  X  3''  x  ,^". 

Beneath  the  engine  bearers  solid  plates  A  inch  thick,  and  lightened 
by  means  of  holes,  are  to  be  substituted  for  the  bracket-plates  wherever 
necessary. 

At  the  transverse  bulkheads,  where  shown  upon  the  drawings,  solid 
frames  forming  thoroughly  watertight  divisions  are  to  be  fitted  instead 
of  bracket-frames. 

Transverse  Frames  before  and  abaft  the  Double  Bottom. — ^These  frames 
are  to  be  4  feet  apart:  they  are  composed  of  ^^j-inch  plates  of  4''  x  3" 
X  I",  continuous  angle-bars  on  inner  edge,  or  4"  x  3"  x  f "  angle-bar 
on  outer  edge,  worked  in  one  length  from  armour  to  keel,  and,  lastly,  ot 
short  angle-bars  3''  x  3''  x  ^^^  for  connecting  the  plates  to  the  longi- 
tudinals. The  plates  are  to  be  in  the  form  of  brackete,  as  amidships* 
excepting  at  the  water-tight  bulkheads,  where  they  are  to  be  solid. 

Transverse  Frames  above  Armour  Decks. — The  transverse  frames  above 
armour-plated  deck  to  be  4  feet  apart,  and  are  to  be  composed  of  C  x 
3"  X  \"  angle-bars  and  reverse  angles  2^"  x  2J"  x  A  with  intermedi 
ate  angles  3''  x  3"  x  f ",  to  be  turned  at  the  heels  and  secured  to  deck 
plating,  and  having  plate  bracket  in  lower  corner.  These  frames  to  ex- 
tend to  upper  deck  stringer. 
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Hammock  Boxes, — ^To  be  composed  ot^fU'  plates,  and  angle-bars  2if' 
^y  X  A''.  Ample  stowage  to  be  provider  " 
of  men,  and  also  for  a  reasonable  number  of  sapernameraries. 


X  2^"  X  ^'.  Ample  stowage  to  be  provided  for  the  normal  complement 


External  Longitudinal  Oirders. — Longitudinal  girders  or  frames,  each 
formed  of  an  angle-bar  8^^  x  3i"  x  ^^'  reduced  where  necessary  to  suit 
the  backing,  to  be  worked  behind  the  armour-plates,  and  attached  to 
the  skin  plating  behind  armour,  as  shown  on  the  Section. 

Inner  Bottom  Plating  and  Wing  Pa8sage.-^A  watertight  bottom  is  to 
be  wrought  inside  the  ship,  as  shown  on  Midship  Section,  extending  the 
whole  length  of  engine  and  boiler  rooms  and  magazines. 

The  plating  on  the  floors  to  be  |  inch  thick  up  to  3rd  longitudinal 
vertical  bulkhead  or  wing  passage,  lower  strake  f'^  remainder  f^'.  The 
plating  to  be  worked  with  lap  joints,  single  riveted  at  the  edges,  the 
plating  on  the  floors  to  have  the  butts  double  chain  riveted.  The  butts 
of  the  vertical  bulkhead  to  be  lapped  and  single  riveted.  The  whole  to 
be  caulked  and  made  watertight,  to  be  arranged  with  necessary  man- 
holes, which  are  to  have  watertight  covers. 

Outside  Plating, — ^To  be  wrought  as  shown  on  the  Midship  Section. 

The  bottom  plating  is  to  be  worked  with  lap  joints  from  keel  to  ar- 
mour shelf;  the  plating  behind  armour,  as  also  the  whole  of  the  topside 
plating,  is  to  be  worked  flush  jointed.  The  plates  are  to  be  generally 
in  lengths  of  12  feet,  and  there  are  to  be  two  plates  between  butts  ver- 
tically over  each  other. 

The  thickness  of  the  plates  to  be  as  follows : — 


Name  of  strake. 


AmidthipB. 


Forward  and  Alt. 


Middle  line,  or  keel  etrake 

The  remainder  to  annoar  shelf 

In  wake  of  belt 

Sidea  of  breaatworka 

Topalde  plating 

Berthing  aboTO  npper  deck. . . . 


In. 


Two  thickneaaea, 

eaoh|. 
Two  thickneaaea, 

eacb|. 


in. 


;  A  with  r'pUtea 
in  way  of  fire  of 
[     guna. 


The  plating  ending  on  the  post  is  to  be  double  riveted  to  it.  The 
edges  of  bottom  plates  to  be  single  riveted,  and  butts  to  be  double  chain 
riveted.  The  butt  straps  to  the  bottom  plates  are  to  be  the  same  thick- 
ness as  the  plates  they  connect,  those  to  the  inside  strakes  are  to  be  the 
whole  breadth  of  the  plates,  those  to  the  outer  strakes  to  be  carefully 
fitted  between  the  edges  of  the  inside  strakes  adjacent ;  all  butt  straps 
are  to  have  the  fibre  in  the  same  direction  as  the  plate. 

The  edges  of  the  plates  above  armour  belt  are  to  have  edge  strips 
and  butt  straps  worked  on  the  inside,  the  edge  strips  to  be  single  riv- 
eted, and  the  butt  straps  double  riveted. 

The  edges  and  butts  of  the  plating  behind  armour  are  not  to  have 
strips  or  straps,  but  each  thickness  of  plating  is  to  be  riveted  to  the 
other  thickness  along  the  edges  and  at  the  butts  with  single  rows  of 
rivets,  thereby  making  one  thickness  answer  the  purpose  of  edge  strips 
and  butt  straps  for  the  other.  The  edges  of  the  plates  are  to  be  so  ar- 
ranged that  the  edge  fastenings  may  work  in  for  fastening  the  external 
girders  as  far  as  possible. 

Solid  liners  of  the  same  thickness  as  the  adjacent  plates  are  to  be 
fitted  between  the  frames  and  the  outside  strakes  of  the  bottom  plat- 
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ing ;  the  liners  at  the  bulkheads  are  to  extend  uti  each  side  of  the  angiee 
bars  of  the  frame,  so  as  to  take  two  additional  rows  of  rivets  on  each 
side. 

Transverse  Watertight  Bulkheads.'-'To  be  placed  as  shown  on  draw- 
ings, and  to  be  bonnded  throughout  the  length  of  the  double  bottom  by 
the  inner  bottom,  not  passing  through  it.  The  bulkheads  before  and 
abaft  the  double  bottom  to  lap  on  the  frames,  and  to  be  single  riveted 
to.them.  All  these  bulkheads  are  to  be  lap  jointed,  lap  butted,  single 
riveted,  and  supported  by  angle-bars  3^"  x  3"  x  f'  placed  vertically 
30  inches  apart. 

Plates  lower  strake  |  inch,  remainder  fy  a^Rd  i"  thick. 

Middle  Line  Bulkhead  in  Engine  and  Boiler  Room. — ^Of  |-inch  plates 
with  lower  strakes  f ,  stiffened  with  angle-bars  4''  x  3''  x  |",  spaced  4 
feet  apart,  with  3''  x  3"  x  f'  intermediate  stiffeners. 

Shaft  Passages. — The  shatt  passages  are  to  be  formed  as  shown  on  the 
drawings  with  plates  i  inch  thick,  the  lower  strake  being  |  inch  thick, 
supported  by  augle-bars  3"  x  3"  x  i^",  placed  2  feet  apart. 

JBnginej  Boiler^  and  Shaft  Bearers. — ^To  be  fitted  in  accordance  with 
the  requirements  of  the  engines.  The  necessary  strengthening  to  be 
worked  beneath  inner  bottom  by  means  of  solid  web  plates  as  previ- 
ously described. 

Deck  Beams. — Plying  deck  beams  to  be  6-inch  tee  bulb,  spaced  every 
4  feet  apart. 

Upper  deck  beams  of  9-inch  tee  bulb,  spaced  every  4  feet  apart. 

Main  deck  beams  to  be  of  9-inch  tee  bulb  under  the  2-inch  plating, 
and  8-inch  tee  bulb  before  and  abaft,  spaced  4  feet  apart.  The  half 
beams  and  the  shorter  beams  towards  the  ends  of  the  vessel  to  be  8-inch 
tee  bulb. 

Beams  under  turrets  to  be  formed  of  plates  and  angle-bars. 

Lower  deck  beams  to  be  8-lnch  tee  bulb,  spaced  4  feet  apart. 

Platform  deck  beams  5''  x  3J''  x  f'  angle  bulb,  spaced  generally  4 
feet  apart. 

Beams  and  half  beams  to  have  welded  ends.  The  depth  of  the  ends 
to  be  generally  two  and  a  half  times  the  depth  of  the  respective  beams. 

Stringer  on  Flying  Deck. — Stringer  on  flying  deck  of  plates  21  inches 
wide  X  ^  inch  thick  increased  in  way  of  explosion  of  guns. 

Stringer  on  Upper  Deck  Beams. — The  whole  of  the  surface  outside  the 
flying  deck  to  be  covered  with  steel  plates  generally  4  inch  thick,  in- 
creased in  way  of  explosion  of  guns  to  |  inch  thick.  Forward  and  aft 
to  be  36  inches  wide  by  -^  inch  thick. 

Stringer  o^i  Main  Deck  Beams. — Forward  and  aft  of  armour  deck  to  be 
36"  X  i",  anglebars 3''  x  3"  x  \". 

Coamings  of  Engine  and  Boiler  Hatchways.-^To  be  formed  of  finch 
plate  attached  to  deck  beams  or  deck  plating  by  3j^''  x  3"  x  \". 

Piitera.— -Generally  to  be  wroughtiron  tubes,  with  heads  and  heels 
welded  in  solid,  and  firmly  securexl  to  beams,  to  be  placed  where  neces- 
sary:— 

ill.       Id. 

Under  main  deok  amidshipa 5  x  i 

On  batterv  deck ^  X  } 

On  main  deck 4  x  A 

Solid  pillars  may  be  substituted  in  way  of  cabins  if  thought  desirable. 
Any  special  supports  that  may  be  necessary  under  the  heavy  guns  anB 
to  be  provided  by  the  Contractor  to  the  satisfaction  of  the  Overseer. 

Chain  Lockers. — ^To  be  built  where  shown  on  the  drawings,  to  be 
formed  of  plates  J  inch  thick,  stiffened  with  angle-bars  3''  x  2J"  x  |", 
placed  vertically,  about  2  feet  apart. 
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Weight  of  Venaeh — More  than  usual  care  is  to  observed  to  keep  the 
weight  of  all  steel  used  iti  the  vessel  within  the  estimate,  and  in  order 
to  ensure  this  the  weight  is  not,  on  any  account,  to  exceed  that  due  to 
the  scantlings  specified,  or  tall  more  than  5  per  cent,  below  it  in  any 
case,  except  where  the  thickness  of  plates  and  angle-bars  is  below  i  inch 
in  thickness,  and  then  10  per  cent,  instead  of  5  per  cent,  reduction  will 
be  allowed. 

Quality  of  MateriaU. — Hull  to  be  built  of  steel  of  the  quality  used  by 
the  Admiralty  for  shipbuilding,  and  the  material  is  to  stand  the  Admi- 
ralty tests,  viz.,  strips  cut  lengthwise  or  crosswise  to  have  an  ultimate 
tensile  strength  of  not  less  than  26  and  not  exceeding  30  tons  per  square 
inch  of  section,  wfth  an  elongation  of  20  per  cent,  in  a  length  of  8  inches. 
The  beam,  angle,  bulb,  and  bar  steel  to  stand  such  forge  tests,  both  hot 
and  cold,  as  may  be  sufficient  to  prove  soundness  of  material  and  fitne&s 
for  the  service. 

Strips,  cut  crosswise  or  lengthwise,  1^  inch  wide,  heated  uniformly 
to  a  low  cherry  red,  and  cooled  in  water  of  82^  Fahrenheit,  must  stand 
bending  in  a  press  to  a  curve  of  which  the  inner  radius  is  one  and  a 
half  times  the  thickness  of  the  steel  tested. 

A  shearing  is  to  be  taken  from  every  plate,  and  piece  from  every  bar, 
to  he  tested  by  the  Overseer  whenever  required. 
All  steel  to  be  free  from  lamination  and  injurious  surface  defects. 
The  Contractor  to  provide  facilities  for  testing,  and  bear  the  expense 
of  tests  made. 

Where  angle-bars  are  to  be  welded  up  for  watertight  work  they  may 
be  of  iron  of  superior  quality. 

All  rivets  are  to  be  made  of  steel  of  the  very  best  quality.  All  rivets 
above  f -inch  diameter  to  be  made  of  conical  form  under  the  head,  except 
where  the  holes  have  been  drilled. 

The  riveting  is  to  be  executed  in  a  careful  manner,  the  rivets  thor- 
oughly filling  the  holes.  The  greatest  care  is  to  be  taken  to  prevent 
unfair  holes,  and  all  such  holes  are  to  be  rimed  out  before  riveting. 

The  treatment  of  steel  bars  and  plates  to  be  that  adopted  by  the  Ad- 
miralty. Plates  and  bars  to  be  worked  cold  if  possible ;  if  not,  they  are 
to'  be  heated  over  as  little  length  as  possible,  and  after  bending  are  to 
be  annealed  over  the  heated  parts.  Holes  in  outside  plating  to  be 
punched  ^  inch  less  in  diameter  than  the  diameter  of  the  rivets  used, 
the  holes  to  be  countersunk  right  through  the  plating  to  the  required 
size. 

Vertical  Armour  on  Siden  of  Batterp. — The  whole  of  the  armour  plates 
are  to  be  steel-faced,  and  to  be  manufactured  by  a  firm  holding  con- 
tracts for  similar  plates  to  the  order  of  the  English  Government. 

The  disposition  and  thicknesses  of  the  protective  materials  to  be  in 
conformity  with  the  details  shown  on  drawings. 

For  a  length  of  about  250  feet  amidships  there  is  to  be  a  water-line 
belt  of  vertical  armour,  extending  from  3  feet  above  the  load-line  to  4 
feet  below  it.    The  thickness  of  the  armour  plates  to  be  as  follows : — 

upper  strake,  4  feet  broad,  generally 10  inches  thick. 

<*  in  the  immediate  wake  of  engines  and  boiler 11  *^ 

Lower  stroke,  3  feet  broad ^ 7  " 

Breastwork 10  " 

Turrets  above  breastwork 10  ^' 

The  oblique  interior  armour  at  ends  of  vessel  to  be  worked,  as  shown 
on  drawings,  at  an  angle  of  15^,  to  be  diminished  in  thickness  from  the 
side  armour,  so  as  to  maintain  a  thickness,  mea^tured  horizontally,  of 
not  less  than  10  inches. 
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The  obliqae  armour  is  tp  be  composed  of  two  layers  of  steel  plates, 
the  first  to  be  I  inch  thick,  riveted  np  and  caolked,  to  which  is  to  be 
screwed  the  second  layer,  making  together  the  specified  thickness;  the 
screws  to  be  put  in  from  the  underside,  so  as  not  to  wound  the  face  of 
the  armour. 

The  bolts  must  be  screwed  into  the  back  of  the  armour  plates,  but 
not  pass  through  the  steel  facing;  nuts  with  india-rubber  cup-washers 
will  be  required-on  the  inner  end  of  the  bolts.  All  armour  bolts  to  be 
of  the  best  material,  with  shanks  reduced  in  diameter  where  they  pass 
through  the  backing. 

Woodbacking. — To  be  8  inches  in  thickness  behind  the  10-inch  armour 
and  11  inches  thick  behind  the  7-inch  armour,  to  be  secured  to  the  skin 
plating  by  nut  and  screw  bolts  1^  inch  diameter,  screwed  up  on  the 
inside  on  washers  and  grummets. 

The  backing  is  not  to  be  caulked,  but  is  to  be  well  fitted  to  the  sides  of 
the  ship,  and  close  jointed  with  a  mixture  of  red  and  white  lead  or 
marine-glue  pitch,  as  a  setting  between  the  joints.  The  holes  for  ar- 
mour and  backing  bolts  to  be  caulked  between  the  two  skins.  The 
outer  surface  of  the  backing  is  to  be  completely  coated  with  marine- 
glue  pitch,  before  the  armour  is  put  on.  Oreat  care  is  to  be  taken  to 
accurately  bed  the  armour  on  the  backing  before  putting  on  the  water- 
proof glue. 

Armoured  Pilot  Tower. — ^To  be  built  on  the  fore  end  of  the  batteiy, 
as  indicated  on  the  drawings.  Thickness  of  armour  to  be  10  inches, 
of  backing  8  inches,  and  skin  plating  f  inch,  with  suitable  vertical 
frames  and  bolts,  and  thin  lining  over  the  armour  bolt  heads. 

Turrets. — The  principal  armament  is  to  be  four  large  breech-loading 
guns,  as  before  stated,  worked  in  two  revolving  turrets  (two  on  each 
turret).  The  turrets  are  to  be  of  sufficient  height  to  fire  over  the  npper 
deck  of  the  vessel,  and  also  to  admit  of  the  guns  of  each  turret  being 
fired  simultaneously  in  a  right  forward  and  a  right  aft  line.  The  guns 
of  each  turret  are  also  to  have  an  unobstructed  fire  through  an  angle  of 
1S(P  on  one  side  of  the  ship,  and  as  much  as  practicable  on  the  other 
side  of  the  ship,  and  a  depression  of  IP  through  as  large  an  angle  of 
training  as  possible. 

Bach  turret  will  have  an  internal  diameter  of  about  17  feet,  and  ex- 
ternal diameter  of  about  21  feet.  The  upper  revolving  part  required  to 
be  built  by  the  Contractors  will  be  about  3  feet  6  inches  to  4  feet  in 
depth  to  the  armour  shelf.  This  npper  revolving  part  of  the  turrets  is 
to  be  plated  with  lOinch  steel-faced  armour,  with  teak  backing,  frames, 
girders,  inner  steel  lining,  steel  beams,  and  steel  plating  for  the  crown. 

All  the  working  parts  of  each  revolving  turret,  and  also  the  spaces 
required  for  loading,  are  to  be  protected  by  a  fixed  breastwork,  plated 
with  10-inch  steel-faced  armour,  with  teak  backing  frames,  &c.  The 
breastwork  to  be  of  an  approximately  oval  form,  about  38  feet  6  inches 
long,  and  25  feet  broad  external  dimensions,  and  about  9  feet  6  inches 
to  10  feet  in  depth,  or  from  about  2  feet  above  the  upper  deck  down  to 
the  armour-plated  main  deck  upon  which  the  breastwork  will  be  bnilt. 
The  upper  part  of  the  armour  breastwork  is  to  be  plated  all  over  with 
about  3inch  steel  armour,  leaving  space  only  for  the  revolving  turret 
to  work. 

All  the  lower  part  of  the  revolving  turret,  as  shown  in  tint  on  the 
sectional  drawing  herewith,  below  the  armour  shelf,  together  with  the 
guns,  carriages,  and  all  the  machinery  for  loading  and  working  the 
guns,  will  be  supplied,  under  another  contract,  by  Messrs.  Sir  W.  Q. 
Armstrong  and  Oo. 
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« 

The  Contractors  for  the  ehip  are  to  sopply  and  fit  th«  roller  path  for 
each  turret  with  machined  Borfaoe-beds  of  teak. 

The  following  is  Messrs.  Sir  W.  O.  Armstrong's  specification  of  work 
to  be  done  by  the  Contractors  for  the  ship,  in  connexion  with  their 
mechanism : — 

*'The  Contractors  are  to  provide  all  skilled  labour  required  for  unloading  all  goods 
Bupplied  by  Messrs.  Sir  W.  G.  Armstrong  and  Co.,  and  for  fixing  them  in  place  ready 
for  work,  and  attending  daring  trials. 

'*  The  Contractors  are  idso  to  constraot  the  turret  above  the  armour  shelf  of  the 
turret  and  the  whole  of  the  battery,  &,e, 

"They  are  also  to  unload  and  tix  all  mechanism  outside  the  turret,  as  per  following 
approximate  list. 

''Mechanism  outside  of  turrets,  supplied  by  Sir  W.  G.  Armstrong  and  Co.,  consists, 

•  turret: — 


approximately,  of  the  following,  viz.,  per  1 
"1  pumping  engine. 
"  1  hydrauhc  turret-turning  engine  and 


)  and  gear. 
''Tank,  stand-pipes,  and  means' of  filling  tank. 
"  Sis hting-hoods,  dto.  on  turrets. 
"  Au  pla&brms,  gangways,  &,c. 
"  4  hydraulic  rammers. 
"4         "         anmiunition  lifts  and  cases. 

"  1  turret  centre-pivot,  with  communication  for  voiott  tubes,  electric  wires,  pressure 
and  exhaust  water-pipes. 
'•  1  lower  roller  path. 
"1  lower  turret  clip-ring. 
"  1  hand  pump. 
' '  Pipes  and  pipe  connexions. ' 
"  Powder  cases  and  shot  and  shell. 
'*  Pressure  and  exhaust  pipes  and  connexions. 
"  Gear  for  moving  ammunition. 
"  Sighting  arrangements.'' 

The  Contractors  are  to  arrange  and  provide  in  their  drawings  and 
specifications  means  of  passing  from  one  turret  to  the  other,  wholly 
below  the  armonred  deck  and  within  the  armoured  protection  of  the 
ship. 

" Parts  per  turret  to  be  supplied  by  shipbuilders  are:— 

"Voice  communications  and  '  teU-tale,' and  other  signals  iu  and  about  turrets  and 
elsewhere,  except  at  centre  pivot  of  turret. 

**  All  bolts  required  for  fixing  mechanism  to  the  vessel. 

"Machined  surface-beds  of  teak^for  roller  path  and  clip  ring  below  turret. 

"  Boiler  power  about  SO-horse  power. 

"  Steam  and  exhaust  pipes  to  and  from  pumping  engines. 

"  Water  tank  to  contain  about  3^  tons  of  water  and  connexions  to  pumping  en- 
gines." 

Canning  Tawer.-T-To  be  provided  in  a  suitable  position. 

To  be  protected  by  steel-faced  armour  10  inches  thick,  efficiently 
supported,  and  to  command  a  good  all-round  view,  and  to  be  of  suf- 
ficient size  for  the  gear  which  controls  the  steam  steering  engine,  in- 
struments for  conveying  orders  to  the  engine-room,  telegraphs^  compass, 
&c.,  and  to  be  capable  of  holding  at  least  four  persons. 

Horizmital  Armour  on  Dedks.—On  main  deck  as  shown  in  drawings 
to  be  2-inch  steel  in  two  thicknesses,  the  first  to  be  i  inch  thick,  riveted 
up  and  caulked,  to  which  is  to  be  screwed  the  second  thickness,  mak- 
ing up  together  the  2  inches  specified.  The  screws  to  be  put  in  from 
the  underside,  so  as  not  to  wound  the  face  of  the  armour.  Abaft  the 
belt  the  lower  deck  is  to  be  plated  with  2  inches  of  steel,  in  two  thick- 
nesses for  about  26  feet,  abaft  the  oblique  armour,  and  about  12  feet 
from  the  stem.  Over  the  top  of  the  breastworks,  3-inch  steel  plating 
is  to  be  worked. 

Armour  bars  of  corresponding  strength  to  be  fitted  to  funnel  hatch. 

The  engine  hatch  on  main  deck  to  be  protected  by  hinged  armour 
covers  2  inches  thick,  which  can  be  closed  in  action. 
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All  openings  and  faatchways,  besides  the  engine  batch,  in  the  pro- 
tective plating  on  main  and  lower  decks,  to  be  furnished  with  suitable 
sliding  armour  covers,  at  least  equal  in  thickness  to  the  deck  plating. 

Watertight  Platfomis. — As  shown  on  the  drawings,  of  plates  i  inch. 

Ooal  Bunkers. — As  shown  on  the  drawings  to  contain  800  tons  of 
coal ;  made  watertight  and  fitted  with  watertight  doors,  and  screens 
wherever  necessary. 

EXTERNAL  SHEATHING  OF  TEAK  AND  ZING. 

Reel. — Of  English  elm,  16  inches  broad  amidships  by  9  inches  thick,  ta- 
pered forward  and  aft,  secured  by  1-inch  bolts  tapped  to  the  keel  plates, 
with  nuts  and  grummets  inside.  * 

Wood  Sheathing.^The  whole  of  the  surface  of  the  bottom,  extend- 
ing 2  feet  above  the  water  line,  is  to  be  sheathed  with  wood  worked  in 
two  thicknesses,  the  inner  one  to  be  2^  inches  thick  on  the  outer  plates 
of  the  bottom,  and  the  outer  2  inches  thick.  Both  thicknesses  are  to 
be  worked  fore  and  aft,  breaking  joints  the  inner  thickness  is  to  be 
fastened  with  f-inch  galvanized  screw  bolts,  which  are  to  be  carefully 
screwed  through  the  skin  plating,  and  are  also  to  have  nuts  on  their 
points  inside  for  double  security.  A  thin  iron  washer  is  to  be  fitted 
under  each  nut  with  a  hempen  grummet  between  it  and  the  plating. 
The  bolts  are  be  made  thoronghly  watertight. 

The  outer  thickness  is  to  be  fastened  to  the  inner  thickness  by  gun- 
metal  screw  bolts,  |  inch  diameter,  care  being  taken  that  the  holes  are 
not  bored  through,  and  that  the  points  of  the  bolts,  when  hove  up,  are 
always  at  least  i  inch  clear  of  the  skin  plating. 

The  same  size  and  length  of  gun-metal  screw  bolts  to  be  used  for 
securing  the  outside  sheathing  throughout,  exce]>t  the  garboard  strakes. 

The  bolts  in  the  gai1iK)ard  strakes  are  to  be  increased  in  size  propor- 
tional to  the  thickness. 

The*screw  bolts,  both  in  the  inner  and  outer  thickness  of  sheathing, 
are  to  be  reduced  in  diameter  at  the  screw  thread  by  ^  inch ;  care 
should  be  taken  in  the  bolts  for  the  inner  thickness  that  the  shoulders 
bear  well  upon  the  wood,  compressing  it  about^  inch.  A  grummet  is 
to  be  used  under  the  heads  of  the  screw  bolts.  The  slot  or  recess  in  the 
heads  of  the  screw  bolts,  for  heaving  them  up,  is  to  lie  of  an  oblong  form. 
Every  bolt  is  to  be  hove  carefully  up  by  means  of  a  rachet  brace. 

The  bolt  heads  of  the  inner  thickness  are  to  be  let  in  f  inch  within 
the  outer'surface  of  the  plank,  and  the  bolt  heads  in  the  outer  thick- 
ness to  be  let  in  not  more  than  ^  inch  within  the  outside  surface  of  the 
plank. 

The  heads  of  the  bolts  in  both  thicknesses  of  sheathing  should  be  set 
in  a  mixture  of  white  and  red  lead. 

The  heads  of  the  bolts  of  the  inner  thickness  are  to  be  plugged  with 
a  mixture  of  white  and  red  lead,  and  those  of  the  outer  thickness  witb 
an  approved  composition.  The  faying  surface  of  both  thicknesses  of 
the  sheathing,  as  also  the  steel  plating  against  the  inner  thickness,  to 
be  well  coated  with  a  mixture  of  white  and  red  lead.  The  butts  of 
the  outer  thickness  are  to  give  good  shift  with  the  butts  of  the  inner 
thickness,  and  a  shift  of  butts  is  to  be  prepared  and  submitted  for  ap- 
proval before  the  work  is  'taken  in  hand.  The  whole  to  be  worked  in 
a  most  careful  manner,  stealers  being  avoided  as  much  as  possible 
in  the  sheathing^  the  planks  to  be  not  less  than  24  feet  in  length,  ex- 
cept at  the  fore  and  aft  ends  of  the  ship. 
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The  caulkiBg  of  both  thickness  of  sheathing  is  to  be  very  carefully 
done,  so  as  to  avoid'strain  on  the  fastenings. 

The  sheathings  shonld  be  provided  a  little  thicker  than  stated  above 
to  allow  for  fairing. 

The  inside  and  outside  sheathing  to  be  of  teak  of  the  very  best  qual- 
ity. Garboards  to  be  of  English  or  Canada  elm.  The  whole  of  the 
plank  of  every  description  is  to  be  of  the  best  and  well- seasoned  de- 
scription, to  ensure  perfect  water-tightness. 

Before  any  sheathing  is  applied  the  bottom  is  to  be  thoroughly  scraped 
and  cleaned,  and  at  least  three  coats  of  the  best  red  lead  or  other  ap- 
proved composition  is  to  be  applied.  The  wood  sheathing  is  to  be 
coated  on  the  inside  and  edges  with  a  thick  coat  of  red  lead,  or  as  may 
be  directed.  Before  the  yellow  metal  sheathing  is  applied  the  surface 
of  the  wood  is  to  be  covered  with  a  thick  coat  of  an  approved  compo- 
sition. 

Meial  Sheathing. — To  be  generally  24  oz.,  extending  1ft.  above  the 
load  water  line,  secured  to  wood  planking  with  metal  nails. 

The  sheathing  in  way  of  anchors  and  on  keel  to  be  32-oz.  metal. 

Bilge  Keels. — ^To  be  of  a  V  shape,  not  less  than  2^  feet  in  width,  and 
composed  of  brass  plates  of  not  less  than  15.3  lbs.  per  foot,  riveted  at 
the  outer  edge  to  a  g-incli  plate  placed  between  them  and  wide  enotigh 
to  take  rows  of  rive^. 

The  space  between  the  brass  plates  forming  the  bilge  keels  to  be 
filled  in  with  light  wood  or  as  may  be  directed. 

The  angle- bars  connecting  the  bilge  keels  to  the  bottom  to  be  3  inches 
by  3  inches  by  not  less  than  8.27  lbs.  i)er  foot. 

These  angle-bars  are  to  be  tap  riveted  to  the  bottom'  plating,  the 
rivets  passing  through  it,  and  secured  with  a  nut  on  the  inside,  hove 
up  on  a  washer  and  grummet.  Great  care  is  to  be  taken  in  riveting 
the  bilge  keels,  so  that  if  they  are  torn  off  by  the  ship's  grounding, 
or  otherwise,  the  watentightness  of  the  bottom  will  not  be  interfered 
with. 

Deck  Flats. — Upper  deck. — The  flat  of  upper  deck  in  wake  of  cabins 
and  closed-in  portions  to  be  of  teak  2^  inches  thick,  secured  to  beams 
by  nut  and  screw  bolts,  let  in  below  the  surface  and  dowelled  over.  The 
deck  in  way  of  capstan,  riding  bitts,  deck  pii>es,  masts,  &c.,  to  be  of  in- 
creased thickness.  The  deck  in  line  of  fire  IVom  the  guns  to  be  of  steel 
as  before  described. 

Flying  deck  of  2^-inch  teak,  caulked  and  tougued  with  .iron  tongues. 

Main  deck  of  Dantzic  crown  deals,  3  inches  thick,  secured  to  beams 
and  deck  plating  by  nut  and  screw  bolts,  or  by  bolts  screwed  into  the 
steel  plating. 

Lower  deck  of  Dantzic  fir,  2^  inches  thick,  secured  as  main  deck. 

In  the  store-rooms  to  be  gratings,  made  movable  for  painting  the 
steel  flats. 

Waterways. — Flying  deck  to  be  a  gutter  waterway,  12  inches  wide,  cov« 
ered  all  over  with  Portland  cement. 

Upper  and  main  decks  of  teak,  9  inches  wide  by  3^  inches  thick. 

Coamings  and  Headledges. — ^For  engine  and  boiler  hatchways  and 
ladderways  to  be  of  steel  as  before  described ;  for  skylights,  compan- 
ions, on  flying  deck  to  be  of  teak  fitted  with  gratings  to  the  hatchways  of 
teak  and  American  elm,  and  iron  gratings  over  stokeholes. 

Skylights  on  flying  deck  to  be  of  teak,  glazed  with  plate  glass,  and 
fitted  with  brass  guards. 

Brass  stanchions  and  rails  to  be  fitted  round  the  after  ladderways, 
ana  iron  ones  roun^  (i^e  forward  ^f|tchways« 
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Mast  Holes  on  Wedging  Decks. — To  be  formed  of  angle-iron  rings 
riveted  to  the  deck  plating. 

Port  Framing  and  Fittings. — ^The  sides  and  sills  of  the  batter^'  ports 
to  be  lined  with  plates  ^  inch  thick,  and  forgings  fitted  to  receive  the 
pivot  blocks. 

The  port  lids  to  be  of  steel  i  inch,  fitted  with  strong  hinges,  with 
metal  pins,  bars,  and  screws  for  closing. 

Torpedo  ports  and  ports  tor  the  4J-inch  guns  to  be  framed  in  iron, 
fitted  with  steel  lids,-  with  brass  scnttles  in  centre,  and  chains  and  le- 
vers for  opening  and  closing  the  ports. 

All  the  ports  to  be  made  to  close  watertight  with  metal  vee  pieces  on 
india-rubber. 

Cabins. — The  cabins  for  captain  and  ofiicers  to  be  made  in  accordance 
with  the  drawings — the  doors  of  captain's  cabin,  officers'  saloon,  and 
the  fore  and  aft  framing  abaft  the  turrets  to  be  framed  in  teak  with 
teak  jalousies  French-polished.  The  cabin  framing  to  be  pine,  neatly 
painted,  or  grained  oak  and  varnished  where  required. 

The  cabins  to  be  fitted  with  bed  berths,  with  drawers  under,  wash- 
stands,  chests  of  drawers,  shelves,  and  hat  and  cloak  books ;  tables, 
seats,  and  sideboards  for  the  mess-rooms.  The  fore  part  of  vessel  to 
be  fitted  for  the  crew,  with  mess  tables  and  stools  or  lockers  arranged 
to  stow  between  the  beams  when  not  in  use,  and  cupboards  for  stowing 
the  mess  kits. 

Bag  racks  to  complete  the  requisite  number  to  be  fitted  below,  if 
necessary. 

Furniture  and  Lamps. — The  necessary  sofas,  carpet  for  admiral's  and 
captain's  cabin,  floor-cloth,  looking-glasses,  washstands,  furniture,  lamps 
for  saloons  and  cabins,  also  for  crew  and  for  store-rooms  and  magiEizines, 
to  be  supplied  and  fitted  complete. 

8t4>re  Booms. — All  necessary  store-rooms  for  captain,  ofiicers,  engi- 
neers, and  warrant  ofiicers,  provision  rooms,  &o.,  to  be  built  as  showu 
on  plans,  and  fitted  with  all  requisite  bins,  racks,  and  shelves,  cordage 
reels,  and  iron  tanks. 

Dispensary^  Pantries ^  Water-OlosetSj  Sail  JSoom,  Prison,  and  all  other 
Offloes. — ^To  be  built  as  per  Plan,  and  fitted  complete. 

Capstan. — Of  Brown  and  Harfield's  patent  wrought  iron,  arranged  to 
be  worked  by  steam,  fitted  with  two  pairs  riding  bitts  and  the  neces- 
sary bow  stoppers. 

Also  a  wroughtiron  warping  capstan  for  quarter-deck. 

Hawse-Pipes. — Of  cast  iron,  two  on  each  bow. 

Deck  Pipes  for  Chain  Cables. — ^To  be  fitted  where  shown  on  plan,  and 
fitted  with  compressors  complete. 

Ventilators. —Wrought'iTOTk  tubes  with  revolving  cowls  to  be  fitted 
to  the  engine  and  boiler  rooms,  cabins,  store-rooms,  and  wherever  re- 
quired ;  also  pipes  and  fan  for  ventilating  the  magazines  and  shell- 
rooms. 

All  necessary  ventilation  to  be  provided  for  spaces  under  the  armour 
deck  forward  and  aft. 

Ma^aaines  and  Sliell  Rooms. — The  bulkheads  to  be  of  steel,  ^  inch 
thick,  stifi'ened  with  angle-bars  3'^  x  2^"  x  A'^  placed  30  inches  apart 
on  the  inside,  and  to  which  are  to  be  attached  lurrings  for  receiving  the 
fastening  of  the  magazine  linings,  which  are  to  be  of  teak.  For  the 
sides  and  crown,  the  first  lining  to  be  1^  inch  thick,  the  second  $  inch 
thick,  arranged  to  break-joint. 

The  flat  to  be  of  teak,  the  first  lining  being  2  inches  thick,  and  the 
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seoond  1  uioh  thick.    Lt>n  bolts  or  nails  are  to  be  used  for  the  first  and 
copper  nails  for  the  second  lining  in  all  eases. 

The  practice  of  the  British  Admiralty  is  to  be  followed  with  respecl 
to  the  building,  fitting,  ventilating,  and  making  watertight  the  maga- 
zines and  shell-rooms. 

Torpedo  Armament — The  necessary  arrangements  to  be  made  for 
torpedo  magazines,  store-rooms,  and  fittings  for  Whitehead  torpedoes — 
the  ports  to  be  five  in  nnmber,  one  for  discharging  directly  astern,  and 
two  on  each  side  for  broadside. 

Ceiling. — In  holds  the  flats  to  be  of  Dantzic  fir  2  inches  think.  The 
sides  in  store-rooms  to  be  so  arranged  as  to  be  easily  accessible  for 
cleaning  and  painting. 

Oeiling  between  lower  and  main  decks  to  be  of  Dantzic  or  red  pine  1 
meh  thick. 

Oeiling  between  main  and  upper  decks,  the  lower  strakc  to  be  of  teak, 
1^  inches  thick,  fitted  on  waterway  and  caulked.  The  sides  to  be  lined 
with  1|  inch  teak,  matched  and  beaded. 

Oare  is  to  be  taken  that  only  such  parts  of  the  vessel  are  lined  as 
really  require  it,  in  order  that  the  weight  of  hull  and  amount  of  com- 
bustible material  in  the  ship  may  not  be  unnecessarily  increased. 

Bultoarlcs. — ^The  sides  of  vessel  above  the  flying  deck  to  be  fitted  with 
iron  stanchions  and  rails  all  around,  and  suitable  boxes  for  stowing* 
hammocks  to  be  provided  where  convenient. 

Drainage  and  pumping  arrangements.^Between  the  inner  and  outer 
bottoms  and  between  the  vertical  keel  and  the  1st  longitudinal  on  one 
side  of  the  ship,  a  watertight  iron  drain  pipe,  12  inches  in  diameter,  is 
to  extend  thoughout  the  double  bottom,  joined  together  with  common 
flanges,  au4  not  to  have  expansion  joints. 

Immediately  before  each  bulkhead,  and  wherever  necessary,  a  drain 
or  cistern  is  to  be  formed  between  the  inner  bottom  and  the  main  drain 
pipe,  its  lower  part  ppening  into  the  drain  pipe,  so  that  water  will  pass 
immediately  from  all  parts  of  the  inner  bottom  through  the  drains,  and 
into  the  main  drain  pipe. 

The  water  will  be  pumped  from  the  drain  pipe  by  the  steam  pump, 
which  is  to  connect  with  the  drain  pipe  at  its  lowest  point. 

The  drain  pipe  is  to  be  very  firmly  secured  to  the  watertight  frames, 
and  to  every  bracket  floor  plate,  to  prevent  the  possibility  of  its  being 
moved  by  the  pressure  of  water  acting  on  it,  should  any  of  the  compart- 
ments become  filled. 

Provision  is  to  be  made  for  dealing  with  the  compartment  on  each 
side  the  middle  line  watertight  bulkhead  by  the  single  main  drain  pipe. 

Each  opening  from  the  drains  into  the  common  drain  pipe  is  to  be 
protected  by  a  self-acting  valve,  which  will  close  if  any  compartment 
above  the  double  bottom  be  filled  with  water,  and  prevent  the  water 
passing  into  the  lower  compartment  by  way  of  the  drain-pipe. 

As  an  additional  precaution  in  the  event  of  the  failure  of  the  jself- 
acting  valve,  another  valve  is  to  be  fitted  to  each  drain,  worked  by  a 
lever  fh>m  the  deck,  and  so  fitted  as  to  indicate  when  the  valve  is  open 
or  shut;  the  rod  to  work  as  close  to  the  bulkhead  as  possible. 

Suction  pipes  are  also  to  be  led  fi*om  two  of  the  Downton's  pumps, 
fitted  as  may  be  directed,  to  be  used  for  pumping  out  the  drain  pipe 
when  the  steam  is  not  up. 

Suction  pipes  leading  into  the  drain  pipe  to  have  their  extremities 
enlarged,  and  a  strainer  fitted  over  them  opening  into  the  drain  pipe, 
to  prevent  choking. 
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A  detailed  sketch  of  pumping  and  draining  arrangem«nt8)  showing 
the  kind  of  material  proposed  to  be  used,  is  to  be  submitted  to  the  Over- 
seer for  his  approval  before  the  work  is  taken  in  hand. 

At  some  convenient  place  at  the  after  end  of  each  watertight  com- 
partment of  the  double  bottom,  a  short  stand  pipe  is  to  be  led  from  the 
inner  bottom  to  within  an  inch  or  two  of  the  outer  bottom. 

A  suction  pipe  from  the  steam  pump,  and  from  two  of  the  Downton's 
pumps,  will  be  attached  to  the  stand  pipes,  or  a  longitudinal  pipe  in  con- 
nexion with  them,  so  that  any  one  of  these  pumps  may  be  made  avail- 
able for  pumping  out  either  of  the  compartments. 

The  bottoms  of  the  stand  pipes  are  to  be  enlarged,  and  will  not  require 
roses. 

Pumps,  Sluice  Valvesy  &c. — ^The  pumps  for  pumping  bilge,  washing 
decks,  and  fire  purposes  to  be  as  follows,  viz. : — 

One  5i-inch  pump  for  fresh  water.  ^  To    be   Downton    or 

Two  9-inch  pumps  for  bilge  and  fire  service.    >     other     pumps     of 
Three  Tinch  pumps  for  bilge  and  fire  service.  )     equal  power. 

Each  of  these  pumps  to  be  fitted  with  bilge  suctions,  leading  into 

each  of  the  compartments  adjacent  to  it,  with  a  suction  leading  to  the 

sea  through  a  Kingston  valve,  and  a  short  suction  to  be  connected  by 

-a  fixed  pipe,  as  may  be  required,  with  the  staudpipes  in  double  bottom 

already  described. 

The  9-inch  pumps,  in  addition  to  these  suctions,  are  to  be  connected 
with  the  main  drain  pipe  by  separate  suctions  as  already  mentioned. 
At  each  of  the  bilge  suctions  in  the  double  bottom  there  is  to  be  a 
pocket  or  drain  fitted  to  receive  Ihe  end  of  the  suction  pipe,  which 
pocket  is  not  to  be  connected  with  the  main  drain  pipe ;  all  the  pumps 
to  be  fitted  complete  for  extinguishing  fire  (with  wash-deck  arrange- 
ments where  required),  with  all  necessary  Kingston  and  other  valves, 
cocks,,  stand  pipes,  unions,  and  all  other  fittings  complete,  as  may  be 
required. 

The  pumps  and  Kingston  valves  to  be  of  Admiralty  pattern.. 

Sluice  valves  are  to  be  fitted  at  the  watertight  bulkheads,  one  at  each 
end  of  the  main  drain  pipe. 

Sluice  and  other  valves  necessary  for  draining  the  several  compart- 
ments, watertight  flats,  engine  and  shaft  bearers,  shaft  passage,  &o., 
to  be  fitted  as  required. 

Pumps  are  to  be  fitted  so  as  to  discharge  bilge  water  through  the 
scuppers. 

All  the  pumps,  copper  and  other  pipes,  pipes  for  salt  and  fresh  water 
and  general  purposes,  mixed  metal  valves,  cocks,  and  other  fittings; 
lift  pumps  for  filling  baths,  cisterns  to  water-closets,  deck  tank,  galley, 
seamen's  round  houses,  &c.,  to  be  supplied  and  fitted  by  the  Contractor, 
of  the  materials,  sizes,  and  patterns  now  used  in  H.  M.  Service;  tlie 
lift  pumps  tinned  are  to  be  fitted  where  required,  and  copper  and  other 
pipes  are  to  be  cased  where  required.  The  gearing  for  working  the 
pumps  to  be  on  the  most  approved  plan,  so  as  to  work  them  independ- 
ently on  the  two  decks,  if  required,  and  to  be  marked  and  stowed  as 
required.  The  roses  of  all  bilge,  suction,  and  injection  pipes  are  to  be 
made  of  zinc,  zinced  or  euamelled  iron,  or  other  approved  material,  and 
not  of  copper.  If  the  above  pipes  are  of  copper,  the  lower  portions, 
which  are  liable  to  be  immersed  in  bilge  water,  are  to  be  formed  of  zinc, 
zinced  or  enamelled  iron,  or  other  approved  material,  so  as  to  prevent 
galvanic  action  between  the  copper  and  iron. 

All  necessary  eye-bolts,  valves  in  deck,  &c.  are  to  be  fitted  for  draw- 
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iDg  the  boxes  of  the  pumps,'  also  all  spare  gear,  lockere  for  stowing 
spare  geftr,  cranks  for  stowiug  Lose,  to  be  fitted  where  reqaiied. 

The  hoses  to  be  sopplied  for  each  pump  in  sufficient  length  to  com- 
inand  either  end  of  the  vessel. 

Great  care  is  to  be  taken  in  the  arrangement  of  the  piped 4bat  JU) . 
copper  or  metal  is  introduced  in  any  part  of  the  ship  so  low  as  to  come 
into  contact  with  the  bilge  water  that  may  be  in  the  ship. 

The  Contractor  is  to  fnrnish  a  complete  detailed  drawing,  as  fitted, 
of  all  the  pumps,  leads  of  pipes,  drainage  arrangements,  positions  of 
suctions,  sluice  valves,  Kingston  valves,  and  other  holes  in  the  bottom, 
including  the  holes  cut  by  the  engineers.  The  dimensions  of  all  pipes, 
valves,  &c.  to  be  figured,  and  the  positions  of  the  holes  in  the  bottom 
are  to  be  inserted  in  figured  distances  on  the  round  of  the  bottom  in 
Illation  to  the  topside  rail.  Brass  plates  are  to  be  fitted  on  the  top- 
sides  indicating  the  openings  in  the  shij^s  bottom,  and  the  distances 
before  mentioned. 

Watertight  Doora^  Sluice  Valves,  Manholes,  &c. — Watertight  doors  of 
an  approved  pattern  are  to  be  fitted  in  the  bulkheads  where  shown  on 
the  drawings,  or  wherever  necessary.  The  watertight  doors  in  hold  are 
to  open  and  shut  from  the  main  deck,  or  so  fitted  that  they  can  be  closed 
rapidly  from  below.  A  sounding  tube  is  to  be  fitted  to  each  watertight 
compartment,  or  watertight  space;  also  a  sluice- valve  or  cock,  wherever 
necessary,  fitted  with  levers  or  rods  for  opening  and  shutting  them, 
such  rods  to  pass  through  stnffing  boxes,  where  necessary.  The  sluice 
valves  are  to  be  worked  from  the  main  deck;  the  rods,  where  connected 
together,  are  to  have  bra^s  bolts,  and  all  levers  to  be  brass  bushed. 

Sea  cocks  or  valves  are  to  be  fitted  through  the  side,  where  necessary, 
with  copper  pix>es  or  cocks  leading  therefrom,  fior  the  purpose  of  flood- 
ing magazine.  The  whole  of  the  cocks  and  valves  are  to  be  worked 
from  the  main  deck,  and  the  pipes  are  to  be  cased  with  wood  or  irou 
plating,  wherever  necessary.  Bocket  levers  are  to  be  fitted  for  opening 
and  shutting  the  valves,  cocks,  and  watertight  doors,  and  are  to  hk 
stowed  near  the  work,  the  plates  on  the  deck  to  be  marked  with  large 
sunken  letters  in  a  legible  manner.  Means  are  to  be  taken  for  indicat- 
ing on  the  deck  whether  watertight  doors  in  hold,  sluice  valves,  &c.  are 
apen  or  shut.  Manholes,' 15^'  x  23'',  are  be  cut  where  required.  Where 
it  may  be  desirable  to  retain  steel  for  strength,  they  may  be  made  14'' 
X  20". 

Watertight  Oampartnients  to  be  tested. — All  watertight  bulkheads  are 
to  be  tested,  and  all  defects  discovered  to  be  made  good,  made  water- 
tight, and  re-tested  till  found  perfect. 

Catheads, — Of  wrought  iron,  fitted  with  blocks  and  falls,  cleats  and 
stopi>ers,  complete. 

Bollards  and  Warpvng  Chocks, — Of  cast  iron,  to  be  fitted  on  upper 
deck,  where  required. 

Stopper  Bolts. — ^To  be  fitted  in  deck,  where  necessary. 

Clench  of  Cables. — ^Provision  is  to  be  made  for  receiving  the  clench 
of  the  cables  by  suitable  forgings. 

'  Hawser  Rollers,  Cordage  Reels,  and  Rollers  to  Working  Hatchways. — 
To  be  fitted  where  required. 

Fittings. — All  necessary  fittings  for  working  or  stowing  the  anchors, 
cranks  for  capstan  bars,  hooks  for  handspikes,  eye-bolts  for  cables,  &o., 
to  be  fitted  complete.  Pin  racks,  eye-bolts,  cleats,  and  kevils,  with  all 
necessary  leads,  &c.  for  working  the  rigging,  to  be  fitted  complete. 

Armament  and  Ammunition  Fittings. — The  whole  of  the  armament, 
racers,  gun  sockets,  and  pivots,  also  turret  engines,  turntables,  hy- 
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ciraolic  and  other  gear  for  working  the  guns,  are  to  be  supplied  by  the 
Brazilian  Government,  but  fitted  by  the  Contractor,  who  is  also  to  fur- 
nish and  fix  all  necessary  hand-np  scuttles  for  powder,  shot  and  shell, 
eye-bolts,  ring  and  eye  bolts  to  ports:  |H>rt  lids,  or  bucklers,  shot  racks 
of  wood  or  iron,  lamps  to  magazine,  snell-room,  and  spirit  room;  cranks 
for  rammers  and  sponges,  arm  racks,  armourer's  bench,  and  all  requisite 
fittings  complete,  racks  for  boarding  pikes  arm  stands,  armourer's 
bench. 

Steering  Apparatus  and  Rudder. — To  be  fitted  with  a  wrought  iron 
tiller  and  steam  steering  apparatus,  also  with  steering  wheels  for  work- 
ing by  hand,  telltale  in  front  of  wheels,  relieving  tackles  with  eye-bolts, 
&c.,  complete. 

The  rudder  head  and  tiller  and  steering  arrangements  are  to  be 
wholly  below  the  lower  edge  of  the  armour  protection. 

The  frame  and  head  of  the  rudder  to  be  in  one  casting  of  gun -metal ; 
the  frame  is  to  be  filled  in  with  wood,  and  plates  (of  t£e  same  compo- 
sition as  the  frame)  of  10  lbs.  to  the  square  foot  are  to  be  securely  riv- 
eted to  tlie  frame ;  these  plates  are  also  to  be  screwed  to  the  wood. 

The  rudder  to  be  fitted  so  as  to  unship  when  the  ship  is  docked  upon 
the  ordinary  height  of  blocks.  To  have  tiller  blocks,  chains,  rudder 
pendants,  ring  plates,  stop  cleats,  stuffing  boxes,  holes  and  eye-bolts 
for  guys,  tackles,  &c,  for  hanging  rudder,  and  screw-bolts  in  the  rud- 
der head,  and  suitable  means  for  locking  the  rudder,  with  such  other 
fittings  as  are  required  to  complete  the  steering  apparatus. 

A  suitable  afrangement  is  to  be  made  so  that  the  upper  part  of  the 
rudder  may  work  with  a  close  joint  round  the  casting  and  counter  at 
the  head  of  the  stern  post,  in  order  to  effectually  prevent  ropes,  sea 
weed,  or  any  other  substance  interfering  in  any  way  with  its  efficient 
working. 

Oampasses^  &c. — Compasses,  binnacles,  and  standard  compass  to  be 
supplied  and  fixed  complete,  with  all  supports,  stands,  steps,  rooms,  or 
lockers  for  spare  compasses,  &c.,  including  all  necessary  gear,-  as  is 
usual  in  the  British  Navy. 

The  following  compasses  are  to  be  supplied  and  properly  adjusted, 
the  Contractors  bearing  the  cost  of  swinging  the  ship,  &c : — 1  standard, 
1  azimuth,  3  steering,  6  steering  cards,  1  steering  liquid,  6  boat,  includ- 
ing 2  liquid,  1  hanging  or  tell-tale,  1  box  with  6  cards  and  6  spare 
glasses,  with  other  usual  spare  gear. 

Ta/kks  far  Fresh  irat^*.— Capable  of  containing  7,000  gallons  of  water 
to  be  provided  and  fitted  in  hold. 

Water-alasets  for  Officers  and  Seamen. — Are  to  be  fitted,  as  shown  on 
plan,  with  all. necessary  cisterns,  &c.  complete. 

Batlis. — ^To  be  fitted  where  shown  on  plan,  with  all  necessary  pipes, 
pumps,  copper,  steam-pipes  for  heating,  &c.;  complete. 

Boats. — To  be  supplied  with  one  second-class  torpedo  boat  as  used 
in  the  British  Navy,  one  steam  pinnace,  two  cutters,  one  gig,  one  life 
gig,  and  one  jolly  boat,  with  wrought-iron  davits,  blocks,  falls,  and  guys 
complete. 

Derrick  to  be  fitted  to  main  roast  with  suitable  gear  for  lifting  the 
larger  boats. 

Atonings. — A  complete  set  of  awnings  to  be  fitted  all  fore  and  aft^ 
with  iron  stanchions  and  wire  ridge  ropes. 

Tarpaulins  or  Covers. — To  be  provided  for  each  hatchway,  sky-light, 
binnacle,  and  steering-wheel. 

Aooo^nmodation  Ladders, — With  stools,  rails,  and  man-ropes,  to  be 
fitted  complete ;  also  rope  ladder  for  crew. 
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Masts  and  Ri(/ging,^T\ni  vessel  lo  bo  square  rigged  as  per  plan.  The 
masts  to  be  of  steel,  standiug-  rigging  of  wire  rope,  ranning  rigging  of 
best  lioiiip,  with  all  necessary  blocks,  complete;  to  be  fitted  with  light- 
ning conductors  on  Sir  Snow  Harris'  principle. 

8aih. — A  coujpleto  suit,  in  accordance  with  the  plan,  to  be  supplied, 
also  spare  sails. 
Anchors. — Two  sheet  anchors,  CO  cwt.  Martin's  pattern. 

Two  bower      *'        70    *'    Admiralty  pattern,  exclusive  of 

stocks. 
One  stream,  20  cwt. ;  one  kedge,  15  cwt.  j  and  one  8  cwt. 
Cables. — ibO  fathoms  2J-inch  chain  cable. 
100        "       l|        «  " 

One  mooring  swivel. 
Anchors  and  cables  to  be  proved  to  Admiralty  tests. 
HavcHcrs. — 100  fathoms  15-iuch  hemp. 


100 

13  " 

100 

8  " 

100 

C.V  « 

100 

54  « 

100 

4|" 

100 

3i« 

G«/%«.— -Of  suitable  dimensions  to  cook  for  captain,  officers,  and  crew 
of  2o0  men.  A  separate  galley  for  the  officers  is  to  be  provide,  and  one 
for  the  crew. 

Fainting, — All  ironwork  to  have  three  coats  of  red  lead  or  black. 
Wooilwork  to  have  four  coats.  Officers'  cabin  to  be  grained  oak,  and 
varnished  where  required. 

Cement. — Inside  the  vessel,  as  high  up  as  the  bilges,  to  be  coated  with 
Portland  cement,  and  wherever  necessary  to  drain  the  water  to  the  lim- 
ber holes. 
Signal  Lamps. — 2  bow. 

1  mast-head. 
1  riding  lantern. 
Sundries.-:-^  uunn  buoys. 

2  deep-sea  leads,  lines,  and  reels. 
4  hand  leads  and  lines. 
2  log  lines  and  reels. 
4  log  glasses. 
1  patent  log. 
12  leather  buckets. 
12  wood  ditto. 
12  paint  scrubbers. 
12  deck  ditto. 
12  brooms. 
12  flags. 
4  cork  fenders^ 
It  is  to  be  distinctly  understood  that  tlis  Contractor  is  to  supplffyfity  and 
complete  in  every  respect  all  other  detailed  fittings^  including  thefoUomng : 
Mould  for  Rudder. — 

Spare  Blades  to  Propeller. — To  be  stowed  and  secured. 
JDistilling  Condensers^  dec. — ^The  distilling  condensers,  filters,  Kings- 
ton's valves,  and  sea  cocks  through  the  bottom  to  be  supplied  and  fitted 
by  the  Contractor.  All  the  pipes  connecting  the  receiving  tanks  with 
the  condensers,  and  cocks  and  air-pipes  from  the  condensers,  are  to  be 
supplied  by  the  Gontractors,  and  fitted  in  the  manner  usual  in  Her 
Majesty's  Service.    The  pipes  connecting  the  distilling  condensers  with 
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the  boilers  are  to  be  fitted  and  supplied  by  the  Oontractor ;  the  pipes  to 
be  stayed  and  cased  by  the  shipbdilder  when  reqoired.  Brass  plates  on 
the  vessel's  sides,  balkheads,  and  deck,  indicating  thereon  the  position 
of  Kingston's  sea  pipes^  &c 

Iron  and  other  Tanks. — ^Iron  tanks  are  to  be  fitted  in  officers'  mess 
berths,  and  dispensary,  and  also  a  filter  tank  for  daily  supply  on  tbe 
lower  deck.  Tank  with  brass  tap  in  landing-room  to  magazine,  and  pro- 
vision tanks  in  issue-room. 

Handholds. — ^To  be  fitted  wherever  necessary  to  the  bulkheads  in  hold. 

Ladders  to  Hatchways. — ^Are  to  be  of  wood  or  galvanized  iron  as  may 
*)e  required,  and  to  be  fitted  as  shown  On  the  plans. 

Gratings,  or  Cap  Scuttles.— QTSLtmgs  or  cap  scuttles,  or  both  as  may 
be  required,  are  to  be  fitted  to  the  hatchways,  and  to  all  the  ladderways 
and  scuttles.  The  gratings  are  to  be  either  of  wood  or  iron.  Over  the 
engine  and  stoke-hole  hatches  the  bars  of  the  gratings  are  to  be  formed 
of  round  iron.    Hatdi-bars,  with  locks,  to  be  provided  where  required. 

Ouard  Bails  and  Stanchions  to  Hoitchwa/ys^  dEio. — ^To  be  fitted  where  re- 
quired. 

Towing  and  Lashing  Bollards. — To  be  fitted  as  shown  on  the  drawings, 
and  as  may  be  required. 

Transporting  Chocks. — ^To  be  fitted  to  the  upper  deck  ports  where  re- 
quired. . 

Mouldings. — ^Mouldings  on  beams. 

A^ris  Pieces  on  Beams. — ^To  be  fitted  in  hatchways  and  wherever  dse 
required. 

Scuppers  on  Upper  Deck. — Scuppers  are  to  be  fitted  to  the  upper  and 
flying  decks  in  number  and  position  as  shall  be  required.  To  be  fitted 
with  mixed  yellow  metal  gratings,  covers,  flaps,  &c.,  of  approved  com- 
position. The  scuppers  are  to  be  formed  of  wrought  iron  or  lead,  wiUi 
mixed  yellow  metal  flanges  of  approved  composition,  to  be  completed  as 
.  is  usual  in  Her  Majesty's  Service  for  vessels  of  this  class. 

Voice  Pipes  and  Telegraphs. — The  voice  pipes  are  to  be  made  of  copper, 
with  mouth-pieces,  whistles,  stop-cocks,  and  wire  gauze  diaphragms 
where  necessary,  and  to  be  fitted  wherever  requir^.  Oare  is  to  be 
taken  to  break  the  continuity  of  thet  copper  pipes,  in  order  that  fhey 
shall  not  be  conductors  of  lightning  to  the  magazines. 

Telegraphs  firom  conning  tower  and  wherever  necessary  to  be  fitted, 
also  rudder  indicator  in  conning  tower  and  on  bridge. 

Engine  room^  Artificert?  Mess  Place. — To  be  fitted  complete  with  tables, 
lockers,  &c.  as  may  be  required. 

Clerkf?  Office. — ^To  be  fitted  complete  with  pigeon  holes,  drawers,  desks, 
cupboards,  stools,  &c. 

SteuHMrdi?  Pantries. — All  stewards'  pantries  are  to  be  fitted  with  all  the 
usual  lockers,  drawers,  bins,  glass  and  plate  racks,  hooks,  sideboards, 
shelves,  desks,  &c. 

Issue  Boom. — ^To  be  fitted  with  bins,  lockers,  shelves,  &c. 

Chronometer. — Oloset  and  compass  card  boxes. 

Oaibin  Furniture. — ^The  cabins  are  to  be  fitted  complete  with  all  bed- 
places,  cots,  drawers,  bookshelves,  hat  and  coat  pegs,  tables,  wash  and 
other  stands,  shelves,  sideboards,  lockers,  and  all  other  fittings  (exclu- 
sive of  bedding  and  upholstery)  complete  in  every  respect,  agreeably  to 
the  practice  in  Her  Mf^jesty's  Service  for  vessels  of  this  class. 

Ash  Shoots. — ^To  be  fitted  where  required. 

OoaUng  Scuttles. — Coaling  scuttles,  18  inches  in  diameter  in  the  clear, 
are  to  be  fitted  with  suitable  castings  and  covers  in  number  and  posi- 
tion,  as  shown  upon  the  drawings,  or  as  required.    Gratings  are  to  be 
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titt6d  in  addition  to  solid  covers  where  required.  The  whole  to  be  as 
usual  iu  Her  Majesty's  Service,  and  stowed  where  required. 

Flat  of  Gangways. — ^To  be  sheathed  with  copper  or  brass  C4^rrugated 
plate. 

Carved  FTorfe.— The  head  and  stem  of  vessel  to  be  ornamented  with 
suitable  carved  work. 

Fittings. — Signal  lockers,  lockers  for  wash-deck  gear,  life  buoys  and 
guards,  eye-bolts  to  ftinnel  stays,  bow  lights,  man-rope  stanchions,  bolts 
in  upper  and  lower  deck  beams,  eye  and  other  bolts,  wherever  required, 
for  the  purpose  of  removing  casks  and  packages,  cranks  between  deck 
beams,  hawser  rollers,  &c.,  cordage  reels,  rollers  for  working  hatohways, 
and  all  similar  fittings,  lumber  irons  under  the  lower  deck  and  in  hold, 
cooks'  cupboard,  cooks'  t^ble  with  cranks,  &c.,  coal  box  for  galley  of 
plate  iron,  fowl  coops,  seamen's  library,  boxes  for  marines'  helmets,  racks 
for  seamen's  hats  and  ditty  boxes,  to  be  fitted  complete  as  usual  in  Her 
Majesty's  service. 

Meat  Safes  and  Screens. — Meat  safes  and  screens  round  the  galley,  and 
in  other  places,  are  to  be  fitted  as  is  usual  in  her  Msgesty's  Service  for 
vessels  of  this  class.  Also  screens  of  iron  or  wood,  lined  with  tin  round 
the  galley;  beef  screens  and  bars,  and  hooks  for  hanging  up  meat,  are  to 
be  fitted  if  required. 

Hammock  Hooks. — Hammock  hooks  for  berthing  the  crew  are  to  be 
fitted  to  the  upper  and  flying  deck  beams. 

Stoves  for  Cabins. — The  stoves  are  to  fitted  complete  with  the  necessary 
copper  and  other  funnels,  and  all  fittings  by  the  Contractors,  including 
brass  rims  and  covers  for  passing  the  funnels  through  the  upper  deck, 
&c. 

Watch  Bell — A  watch  bell  of  an  approved  kind  and  size  is  to  be  pro- 
vided and  fitted. 

Calnn  Bells  or  Oongs. — ^To  be  supplied  and  fitted  as  required. 

Locks^  Keys.  &c. — All  locks,  keys,  and  other  fastenings,  exclusive  of 
spare,  are  to  oe  fitted  complete  of  approved  patterns.  .Ail  keys  are  to 
h^  furnished  with  brass  tallies  marked  in  a  legible  manner. 

Brass  Label  Plates. — ^To  be  fitted,  where  required,  for  showing  the  po- 
sitions of  all  cocks  and  valves  in  the  bottom  of  the  vessel,  also  cabins, 
store-rooms,  &c. 

Cleaning^  Oalvanizingy  Painting^  and  otherwise  Coating  Steel  and  Iron 
Work. — ^AQ  steel  and  iron  work  is  to  be  carefully  scraped  and  cleaned 
before  being  painted,  and  each  portion  of  it  as  it  is  turned  out  of  hand 
is  to  have  a  coat  of  thin  red  lead  or  other  substance  as  may  be  required,  as 
soon  as  it  is  sufficiently  completed  to  receive  it,  in  order  to  prevent,  as 
far  as  possible,  the  steel  and  iron  work  from  becoming  in  any  degree 
oxidized  during  the  building  of  the  vessel. 

All  iron  awning  stanchions,  guard  stanchions,  and  rails,  gratings, 
bolts,  coal-scuttle  frames  and  lids,  rubbing  plates,  armanent  fitting,  and 
all  fittings  exposed  to  the  weather  or  to  damp,  are  to  be  carefully  zinced. 

Caulking. — ^The  whole  of  the  caulking  in  the  vessel  is  to  be  x>erformed 
in  the  most  satisfacjbory  manner,  and  as  is  usual  in  H.  M.  Service :  observ- 
ing that  if  it  should  be  found  necessary,  before  the  vessel  is  delivered 
up  by  the  Oontractor,  to  re-caulk  the  decks  and  reconcile  the  edges,  the 
same  shall  be  done  by  and  at  the  expense  of  the  Contractor. 

Inspection. — ^The  Contract  is  to  be  executed  in  every  respect  to  the  sat- 
isfaction of  Admiral  Azevedo,  who  will  have  the  right,  as  he  may  see  fit, 
to  appoint  officers  to  inspect  the  manufacturing  of  the  steel  and  iron, 
and  flJso  to  test  it  in  the  usual  way,  and  to  inspect  the  workmanship 
during  the  progress  of  buildirg  and  fitting  the  vessel,  for  the  purpose  of 
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ascertainitif^  and  etiHuriiig  that  the  Contract  10  being  properly  carried 
oat. 

The  Contractor  is  to  give  every  facility  for  testing  all  materials  worked 
into  the  hall;  a  testing  machine  is  to  be  erected  on  the  Contractor's 
premises ;  the  testing  will  be  supervised  by  the  Overseer ;  the  whole  of 
the  expense  to  be  borne  by  the  Contractor. 

Campletum. — ^This  Contract  is  intended  to  indnde  the  entire  comple- 
tion of  the  vessel  for  sea,  as  is  usual  in  Her  Majesty's  Service,  with  the 
exceptions  herein  set  forth. 

It  is,  therefore,  to  be  expressly  understood  that  all  minor  fittings 
which  may  not  be  shown  on  the  drawings  or  mentioned  in  this  Specifica- 
tion, but  which  may  be  i^equisite  for  the  proper  completion  of  the  vessel 
for  sea,  as  is  usual  in  vessels  built  for  the  English  Gk>vemment,  are  to 
be  provided  by  the  Contractor  without  additional  charge. 

It  is  also  to  be  expressly  understood  that  if  any  omissions  exist  in  this 
Specification  or  drawings,  such  omissions  are  to  be  supplied  ^  and  the 
Contractor  is  bound  to  comply  with  the  parts  thus  specified  without  ex- 
tra charge,  in  the  same  manner  as  if  they  had  formed  part  of  the  orig- 
inal Specincation  or  the  drawings.  Also  that,  as  it  may  be4esirableto 
omit  to  perform  some  of  the  works  herein  described,  or  to  perform  them 
in  a  less  costly  manner,  any  expense  of  material  or  labour  thus  saved  is 
to  be  placed  to  the  creoit  of  the  Government  as  a  setoff  against  any  ex- 
tra works  which  they  may  require  the  Contractor  to  perform. 

The  vessel  to  be  constructed  generally  in  accordance  witii  the  annexed 
drawings  numbered . 

The  vessel  to  be  launched  by  the  Contractor  at  his  own  risk  and  cost, 
and  sent  at  his  cost  to  such  place  or  places  to  receive  l^er  machinery, 
&c,  and  placed,  while  receiving  her  machinery,  &c.,  and  being  completed, 
in  a  berth  where  she  will  not  at  any  time  touch  the  ground,  and  with 
the  distinct  understanding  that  until  the  vessel  is  completed  according 
to  the  Contract  and  delivered,  the  Contractor  is  to  pay  all  dock  and 
harbour  dues  and  charges,  notwithstanding  that  works  not  included  in 
the  Contract  may  be  in  progress  at  the  same  time  as  the  works  and  fit- 
tings which  are  included  in  the  Contract 

Patent  Rights. — The  Contractor  is  to  be  responsible  for  the  payment 
of  the  Patentees,  should  there  be  any  infiingement  of  patent  rights  in 
the  construction  of  the  vessel. 

Machinery  required  in  Building. — ^All  machinery,  &c,  of  whatever  kind, 
required  in  building  the  vessel,  is  to  be  supplied  by  the  Contractor. 
.  Ilxceptians. — ^The  vessel  to  be  entirely. completed  and  ready  for  serv- 
ice in  accordance  with  this  Specification  and  the  drawings  with  the  fol- 
lowing exceptions : — Guns  and  ammunition,  plate,  linen,  glass,  earthen- 
ware, and  cutlery,  sea  and  steward's  consumable  stores,  and  nautical 
instruments  beyond  those  named. 
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RETURN  OF  SHIPS  BUILT  AND  BUILDING 


fftatemettt  of  the  armored  and  anarmorcd  shipn  laid  dotnt  to  build  in  Her  MaJrstif'H  dock- 
Ueular9,  together  with  the  armored  and  unarmortd  tonuayc  huHt  in  Her  Majettty'n  dtttk- 

[NoTE.— Tlie  particalan  in  this  return 


Ships  bnilt  Ht  Bhcc:  uosa,  Dcvonport.  PoitsnioiUli,  aud  CbalbMu  are  built  in 
(jovernmcntdock-MiMlH;  tbo  otborn  are  built  iu  private  yardH. 


3,750 
3,750  ;i, 

3,750 


ABMonnu.^  Barbette  ahipt. 

CoLUicawooD 

Datei:  Commencecl  buildinf;  July  13  If 8'^-.  launcbed  Xov.  22.  188.':  oatimated 
to  be  completed  March,  1880.  '  Where  and  of  what  huilt:  At  i 'rm broke:  of 
Hteel.  Maker  of  engine:  UiimphrxH.  Thiektugti  qf  armor  platiniji  Oil  siuoR, 
18";  bulkbends,  10":  borbiHea,  lU"  nnd  10";  ronnin«:  li»wer,  li"  and  9"; 
armor  tubes,  12'' and  lU":  rcivcu  btllkhcad^C'^•  dockn, 'JJ":  nkin  platine.  1" 
Backing;  Teak,  17"  to  ](i".  Armament:  B:irbc(t4>B,  four  12"  43  ton  li.  L.  R. 
Upper  deck,  six  C"  W)  cwt.  B.  L.  R. 

Unarmorbd.— ParfiaUj/  p  -oteeted  »t«an  cruisers. 

ARXTHU8A 

Dates:  Commenced  buildin/ Juno  It.  1880;  launched  Dec.  23,  1882;  estimatcHl  to 
be  complef  e<l  in  I PK5-60  '  Where  and  of  what  biiiU:  At  Napier's.  Glasgow ;  of 
steol.  JUakei' of  engine:  Napier.  Armatnent:  Upper  deck,  Un  C"  Kl)  cwt.  B.L.R. 

Leandrb 

Dates:  Comracnce-1  building  Juno  14, 1880;  Innuchrd  Oct.  28.  1882;  estimated 
to  be  completed  Mar.  31,  1886.  Where  and  of  what  built :  At  Napier's,  Glas- 
tLOW;  of  steel.  Maker  of  engine:  Napier.  Armament:  Upper  deck,  ten  6" 
8flcwt.aL.R. 

Phabton 

Dates:  Commenced  baildinfr  Juno  14, 1880;  launched  Feb.  27, 1881;  estimated  to 
l>e  completed  in  188.^86.  Where  and  of  what  built :  A  t  NniiitT't,  Glasgow ;  of 
steel.  Maker  o/ engine:  Napier.  Armament:  Uppcrdcck,  tf»C"89ewt^  B.L.R. 

Unakmorkd.— Parfial/^  protrcted  sloops. 

Satelutb' 1.420 

Dates:  <'ommonce«l  ImlldinKOor.  4,  1880;  lanucbed  Aug.  13.  1881;  completed 
Nov.,  1882.  Where  and  of  what  built:  At  SheernenH;  compoH.te.  Maker  of 
engine:  liamphrvs.    Armament:  Upper  deck,  tjgljt  G"  81  cwt.  B.  L.  II. 

Hyaci.vth* ' 1.420 

Date*:  Commenced  buihlinc  Aug.  30. 18^St» ;  Inuuihod  Dec.  20.  1881;  completed 
Jnly,  1883.  Where  and  of  whot  built:  At  I)evon]M)rt ;  oouipowito  Maker  (^f 
engine :  Hamphrys.    Armament:  Upper  deck,  elftht  6"  81  cwt.  B.  L.  R. 

Hkkoine' ...: 1,420 

Dates:  Commenced  buildiiv:  Anir.  30.  1880;  launched  Doc.  3,  1881 ;  completed 
Oct.,  1882.  Where  and  o/  wfuit  built:  At  Doronpm  t ;  composite.  Maker  qf 
eiigine:  Hamphrys.    Armament:  Upi>cr  deck,  eight  C"  81  cwt  B.  L  R 

Unarmorru.— Cu/ilioaN. 

STAttl.TNU    405 

Dates:  Commenced  building  Aug.  10, 1880;  launelied  April  13, 1882;  c:>raploted 
June,  1882.  Where  ami  of  what  built:  At  SamndaX  Poplar;  composite. 
Maker  of  engine:  lUnnie.  ArmamefU:  Upp(r  deck,  two  64-pdr.  b4  cwt. 
M.  L.  R  ;  t  wo  20'pdr.  B.  L.  R. 

Stork 405 

Dates:  Commencpd  building  Aug.  10,1880;  lnunchod  May  18. 1882;  completed 
Dec,  188i2.  Where  and  of  what  built:  At  Samuda's.'  Poplar;  composite. 
Maker  of  engine:  Rennie.  Amiament:  Upper  deck,  two  C4-pdr.  04  cwt. 
M.  L.  R. ;  two  20-pdr.  B.  L.  P^ 

Ravkn  405 

Dates:  Commenced  building  Aug.  19, 1880;  launched  Mnv  18,  IF82;  completed 
Dec,  1882.  Where  and  qf  what  built:  At  Samuda's,  Poplar;  composite. 
Maker  of  engine:  Kennie.  Armament:  Upper  d«H'k,  two  64-pdr.  04  cwt. 
M.  L.  R. ;  two  20-pdr.  U.  L.  R. 

■  Reclassiflod  nn  a  corvette  Id  July,  1883.  '        *  Kstimatdd. 

^Speed  deduc.iMl  fmm  triiU  of  His(er-Hhl]>s. 


H     ■    ^ 


0,1  fiO  0,190 


1,075  S.iHW 


oooJ 

I 
075   5,000  I 


780 


1,500 


780  -1,470 
780   1,470 


200 


200 


200 


440 
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FOR  THE  BRITISH  HAVT,  1880  TO  1885. 

ifartU  and  h^  omitract,  inner  April ^  1880,  showing  the  coaU  armament,  speed,  and  other  par- 
yarda  and  by  contract,  and  the  total  naval  expenditure  from  1865-'66  to  1883-'84,  inoluMve. 

bare  been  corrected  to  Marcb  18, 1885.) 


J 

1 

Draught  of 

water 
(aea^golng). 

1 

I 

I 

1 

1 

Estiinated  first  cost  of  vessels 
boildiug  in  Her  Mi^esty's 
dock-yards  and  in  private 
yards. 

Total  cost  of  hnll  and 
enfrines    of    vessels 
biiUdinginHerMiU- 
estv's     dock-yards 
and  in  prirate  yards. 

1 

1 

i 
1 

f    ^ 

li 

f 

5 

1 

& 

1 

1? 

^ 

F«eL 
325 

Fett 

68 

Feet. 
«26i 

Fut 
«26J 

Knott. 
M6.0 

Tons. 
1,200 

423 

466,  ISO 

<87,«)0 

£ 
558,650 

£            £ 
Incomplete. 

£ 

300 

46 

«17i 

•Oi 

17.0 

1,000 

2W. 

86,763 

58,435 

n45,196 

1 

300 

46 

•17J 

«20i 

17.0 

1,000 

257 

87.843 

60,610 

«148,453 

Incon 

ipleta. 

300       40 

•17J 

«20i 

17.0 

1,000 

267 

86,763 

58,435 

<145,198 

Inoon 

iplete. 

200 

38 

•121 

»15| 

«18.0 

400 

16t 

48,628 

«18, 050 

61,673 

47,813 

1^407 

68,710 

200 

88 

«12| 

•I6i 

• 
•12.0 

400 

150 

52.100 

«18,050 

65,150 

53,427 

14,516 

67.948 

200 

38 

»12| 

•15, 

18.0 

400 

160 

52,100 

«18,050 

65,150 

62,451 

14.488 

66.889 

125 

23J 

H 

101 

0.75 

40 

60 

12,860 
1.868 

5.000 

M8,250 
•1,868 

14.840 

6,269 

21,109 

125 

23i 

H 

^101 

9l75 

40 

60 

12,850 

Hsoo 

5,000 

*18,250 
•i;860 

14,906 

6,288 

21, 144 

m 

fH 

H 

101 

9.75 

40 

60 

12.850 
1,360 

5,900 

*18,250 
•1,800 

14.799 

6,284 

21.988 

•CoBstmetor's  estimated  speed,  with  forced  dranght     .    ,  ^        ,     « Contract  price. 
•Bstlmated  cost  of  completing  for  sea  in  dodc-yard. 
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Slatemeni  of  ike  armored  and  unarmored  $kip8  laid  down  io  build  in  Uv^ 


UXABMOEBD.— ^MCioZ  igfVifM  v$n§U, 

▲lbcto  (paddlo  steamer) , 

Dattt'.  Commenced  bailding  Jan.  10, 1881 :  lannohed  April  18, 1882;  completed  I 

July,  1882.     Whtrt  and  qfvfhat  buUt :  At  Westwood  &,  Co. 'a,  CoUtt  Town ; 

comi>oaite.    llaker  qf  engine: 'R»un\('.    il fiiiam«n<:  Upper  deck,  foar  4"  13 

cwt.  B.  L.  R. 

Triton  (prddlo'sarveyins  veeael)  

Dates:  Commenced  baildiujc  Aug.  10,  1880:  launched  Mar.  4,  1882;  completed 

Mar.,  1882.     Where  and  qf  what  bvilt:   At  Snmuda'a,  Poplar;  oompoaite. 

Maker  of  engine:  Maudalay.    Armament:  Upper  deck,  one  7-pdr.  200  Iba. 

M.  iM  Tv. 
Supply  (ncrev  tank  veaael) 


IkiUe:  Commenced  building  Dee.  16, 1880;  launched  Aug.  11,  ll^81:  completed 
Deo.,  1881.     Where  and  df  what  built:  At  Laird's,  Blrkenbetfd;  ol  iron. 
Maker  of  engine:  Laird. 

BxK  (Bcrew  lighter) 

rurchased  July,  1880.  Wh^e  and  of  tohat  Iniilt :  A  t Osboume,  Graham  Sc  Co. 'a, 
Sunderland  ;  ofiron.    Maker  qf  engine :  Pattinon  Sc  Co. 

AiiuoKKD.-^narbetie  t>hipt. 

RODNET 

DaUe:  Commenced  building  Feb.  0,  1882:  launched  Oct.  8, 1884;  eatimated  to 
ho  completed  Dec.  1886.  WJiere  and  of  uhat  built:  At  Chatham;  of  at  eel. 
Maker  qf  enpine:  IIuroplir.VH.  Thitknete  of  armor  plating:  On  aides,  18"; 
bulkheads,  16";  barbeU^B,  11)"  and  10";  conning  tower,  12"  and  fi";  armor 
tuhea,  12" ;  screen  bulkhradt*,  G" ;  decks,  3"  and  2^' ;  skin  plating,  1".  Baet- 
ing:  Teak.  17"  to  10".  Armament:  Barbettes,  four  13.5"  64  ton  B.  L.  R. 
Upper  deck,  six  6"  80  cwt.  B.  L.  IC 

IMPSIIIEUSB 

Datee:  Commenced  building  Auir.  10, 1881 ;  launrhrd  Doc.  18,  1883;  estimated 
to  bo  coropleled  Jan.,  1886.  Where  and  of  what  buiU:  At  Portsmouth :  of 
steel.  Maker  of  engint:  Mandslay.  Thickneea  of  armor  plcUing:  On  sloes, 
10":  bulkheads,  0":  barbettes,  8';  armor  tubes,  3" :  conning  tower,  10"; 
docka, 4"  and  2" ;  skinplatiui;,  1".  Backing:  Teak,  10".  iin/ianwni:  Bar- 
bettes, four  0.2"  IH  ton  li.  L.  It.  Upi>er  deck,  six  0"  80  cwt  R  L.  R." 
Warspitb 

Datee:  Commeucrd  building  Oct.  25,  1881 ;  Innnched  Jan.  20, 1884 ;  estimated 
to  be  completed  iu1885-'8G.  WhtreandofwhatbuiU:  AtChathani;  of  steel. 
Maker  of  enrfine:  Penn.  Thiekneai  of  armor  plating:  On  sides.  10";  bnlk- 
heodH.  0" ;  barbcttrs,  8"  ;  nrraor  tubes,  3" ;  conning  tower.  10" ;  tiecks,  4"  and 
2";  skin  plating  J".  .BocJbrt^ :  Teok, !(.".  ^rtnatii«i«:  Barbettes,  four  0.2" 
IB  ton  B.  L.  R.    Uj.per  deck,  six  G"  kO  cwt.  B.  L.  R. 

VsAnitOKZD.-^PartiaUy  protected  ^ttam  cruiser. 

Amphion 

Dates:  CcmiAeocrd  building  April  23, 11-8] ;  launched  Oct.  13, 1883;  estimated 
to  be  completed  Dec.  31,  1»'^5.  Where  and  of  what  built:  At  Pem1>roko;  of 
steel.  Maker  of  ef}gine:  Msudslay.  ArmametU:  Upper  deck,  ten  C"  80 
cwt  B.  L.  R. 

UKAnMOKED.— i'areia2/t/  protected  corvettes. 

Calliope 

Dates :  Commenced  bmliling  Oct.  1, 1881 ;  launched  June  24, 1884 ;  estimated  to 
bo  completed  Dec.  31,  1885.  Where  tndqf  what  hvUt:  At  Portsmouth;  of 
steel  and  iron.  Maker  of  engine :  ^i:\\uie.  AnnafnanC:  Upperdeck,fonr6" 
80  cwt.  B.  L.  R. ;  twt Ivc  5"  86  cwt.  B.  L.  R. 

CALYPdO 

Dates:  Commenced  bnihling  Sei>t  1,  li-81 ;  launched  June  7,  IF&I;  estimated 
to  bo  completed  Mar.  31,  1885.  Where  af.d  of  what  bvilt:  At  Chatham;  of 
steel  and  iron.  Maker  of  engine:  Rcnuie.  Armament:  Upper  deck,  fourO" 
80  cwt  a  L.  R. ;  twelve  5"  36  cwt.  B.  L.  R. 


620 


410 


250 


820 


0,700 


7,390 


7.890 


360  i    490 


240 


108 


110 


6,830 


5^000 


5,000 


9,500 


3,750   1,676 


2,770  1 1, 470 


2,770   1,470 


370  I 


120  I 


120 


8,060 


6^000 


3,000 


'  CoDstmctor's  estimated  speed,  with  natural  draught. 
^Kstiroated. 


*  Purchase  money. 


OHDNANCl]    AND   WAK    SHIPS. 
Majevtif'B  docU*}fard»  and  hij  contract  sin te  Aprily  188(J,  .fc  -('«mtinuert. 


107 


1 


I 

3 


FmL 

160 


145 


104 


117 


S25 


316 


816 


900 


26i 


2SA 


m 


19 


68 


Draught  of 

water 
(MA-going). 


I 


FmL 
8A 


44» 


*M4 


<24» 


*24A 


*17* 


*17A 


M7VV 


Feet 

8A 


74 


*27J 


*26A 


*26A 


•204 


*10H 


M91t 


Knott. 
>10.0 


9.0 


7.5 


•16.0 


•lao 


•16.0 


»I7.0 


>13.76 


'13.75 


I 


75 


55 


18 


1,200 


1,200 


1,200 


1,000 


I 


68 


40 


445 


491 


491 


257 


550  I    281 


550       281 


i  Total  cost  of  hull  and 
Estimated  first  cost  of  Tesaels       engines    of_  vessels 
building  in  Hor  Mi\)csty'B 
dock'jards  and  in  private 
yards. 


h 


I 


18,7e5 
1,700 


12,300 
1.150 


5,500 


II 

a 


8,950 


7,500 


4,200 


455,080 


380,000 


350,000 


108,780 


90,620 


96,100 


•102, 000 


•104,600 


•107,600 


•65,600 


•38,000 


27,715 
*1,700 


•10,800 
•1, 150 


•8,494 


•4,200 


557,680 


484,600 


457,600 


building  in  Her  MaJ- 
est  v's  dock-y  a  r  uh 
ana  in  private  yards 


22,223 


13, 853 


5,927 


£ 
9,898 


81. 616 


8,236 


I 


3,127 


174. 280 


128.620 


•38, 000  '    130, 100 


4,2C0 


Incomplete. 


Incomplete. 


Incomplete. 


Incomplete. 


Incomplete. 


Incomplete. 


9,064 


•4,200 


•Batinatcd  cost  of  completing  for  sea  in  dock-yanl.  •Contract  price. 

•Constniotor's  estimattnl  spee«l,  with  forced  draaght. 
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ORDNANCE    AND    WAR    SHIPS. 
Statement  of  the  armored  and  unarmored  ships  laid  down  to  build  in  Her 


TJKAnuoBMD.—PartiaUyproUcttd  aioapt. 


Caboukbi 

Dates  i  Coramenced  baildijoff  Oct.  24,  1881 ;  lannchecl  Not.  25, 1882 ;  complete 

except  planins  decks.     Where  and  qf  what  huUt :  At  ShcemesB;  composite. 

Maker  of  engme:  Mondalaj.    Armament:  Upper  deck,  fomtecn  5"^cwt. 

B.  L.  R. 
Rapid* 


Dates:  Cnrnmraced  bnildiog  April 21, 1881 ;  launched  Mar.  1!  1,1883;  completed 
July,  1884.  Where  and  of  what  built:  At  Doronport;  composite.  Mater  of 
engine :  Mandsla}'.  Armament:  Upper  deck,  two  0"  81  cwt-  B.  L.  R  ;  ten  &" 
8(1  cwt  D.  L.  R. 

R0TALI8T> 

Dates:  Commenced  bnildlne  April  27, 1881;  launched  Mar.  7, 1883;  completed 
Nov.,  1884.  Where  and  qf  what  built:  AtDovonport;  composite.  Maker  of 
engine:  Mandslay.  Armament:  Upper  deck,  two  0"  81  cwt  B.  L.  R. ;  ten  5" 
8U  cwt  B.  L.  R. 

Unaucoubd.— <?un  vessels. 

DOLPnni*   •- 

Dates:  Commenced  baUdine  Oct.  10,  1881;  lannched  Deo.  0, 1882:  completed 
June.  1884.  Where  and  qfwhat  buUt:  At  Dlxoo  &  Co.'s,  MiddIesboit>ugh-on- 
Tees;  composite.  Maker  of  engine:  HKWthom.  Armament:  Upper  deck, 
two  0"  81  cwt  B.  L.  R. ;  two  6"  80  owt  B.  L.  R. 

WAXnERRR' 

Dates:  Commenced  building  Oct.  10, 1881 ;  launched  Feb.  8, 1883 ;  completed 
June,  1884.  Where  and  of  what  built:  At  Dixon  Sc  Cn.*s,  Middlepitorongh-on- 
Tees;  oomposite.  Maker  qf  engine:  Hawthorn.  Armament:  Upper  dock, 
two  fy  81  cwt  B.  L.  R. ;  two  5»  80  cwt  B.  L.  R.  ^ 

V}iAnuouEr).'>-Ounboats. 


I    1,420 


1«420 


1,420 


025 


560 


500 


500 


A  LBACOBB 

Dates:  Commenced  building  Sept  2, 1881;  launched  Jan.  13,  1883;  completed 
Mar.,  1884.     Where  and  of  what  buiU:  At  Laird's,  Birkenhead;  composite. 

.  Maker  of  engine :  Laird.  Armwnent :  Upper  deck,  two  5"  30  cwt.  B.  L  R. ; 
two4"22cwtB.L,R. 

MiSTLKTOE 

Dates:  Commenced  building  Sept  2,  1881 ;  launched  Feb.  7,  1883;  complete<l 
July,  1884.  Where  and  of  what  b*UU:  At  Laird's,  Birkenhead;  composite. 
Maker  of  engine :  Laird.  Armament:  Upper  deck,  two  Sy  30  cwt  B.  X.  R. ; 
two  4"  22  owt  B.  L.  R. 

Watchful 

Dates:  Commenced  building  Sept.  2,  1881;  lannchod  Fob.  13,  1883;  completed 
May,  1884.  Where  and  of  what  built:  At  Laird's,  Biikenhead;  composite. 
Maker  of  engine :  Lainl.  Armawent :  Upper  deck,  two  b"  30  cwt  B.  X.  R. ; 
iwe  4"  22  cwt  B.  X  R. 

JjKAnsionSD.—Speeialserviee  veeeels. 

8pni:cx  (special-service  steamer)  1,  ISO 

Dates:  Commenced  building  Aug.  20, 1881 ;  lannched  Nor.  28, 1882;  completed 

Oct.  1883.     Where  and  qf  what  buiU:  At  Green's,  Blackwall;  composite. 

Maker  qf  enfflne:  Penn.    Armament:  Upper  deck,  one  6"  81  cwt  B.X.  R. ; 

six  4''  13owtB.L.R. 

Dabt  (screw  yacht) 

Dates:  Purchased  in  Mar..  1882;  completed  Nov.,  1882.     Where  and  of  what 

built:  Barrow Sbip-hnilding Company,  Barrow-in-Fuiness;  of  wood.    Maker 

o/0n^ne:  Barrow  Ship- building  Company.    AmiMment:  Upper  dock,  two 

9pdr. 8 owt  M.  X R. 


780 


780 


780 


1.500  I 


[,500 


1,500 


870 


870 


770 


770 


770 


1«140 


470  ;    280       200 


620 


310 


310 


310 


1  Reclassified  ns  a  corvette  in  July,  1883. 
*Reclas9ifled  as  a  sloop  in  May,  1884. 
•Estimated. 


^Constructoi-'H    estimated 

draught. 
*  Contract  price. 


speed,    with    foioed 


OBDNANCK   AND    WAK   SHIPS. 
Mtj^etiifa  dock-yarda  and  by  contract  Hnce  Aprils  18^0,  ^c— CoDtinued. 


109 


I       I 


I 
§ 

I 
I 


FMt 

200 


Dnoght  of       w 

water      j     ^ 

(SM-going). ,     ^ 


& 


Feet 
38 


FeeL 


200       88    I  *12| 


300  I    38       '12| 


ISft       82 


167 


185 


1.36 


136 


20U 


133 


32 


•Hi 


111 


26        *9i 


*9k 


20 


82 


*9i 


lOi 


254  i    lOi 

i 


a 


%i 


Fe€i. 
si6i 


•151 


JTnota. 
*13:0 


*13.0 


I 

n5i  I  n3.o 


•14*     '11. 3 


n4 


•111 


•IH 


•ill 


loi 


121J 


1L3 


no.  76 


no.  76 


10.76 


i:i.6 


8.8 


Xstimated  first  cost  of  Tefwela 
baildiDg  id  Her  Maiesiy's 
dock-yards  and  in  priTat« 
yards. 


I 


IS 


Ton»\  SL 

400       159  =      54,220 


400  i    150 


400       ISO 


135 


186 


05 


06 


05 


230 


110 


110 


62 


60,864 


50,864 


25,850 
.      4,160 


26,850 
3,920 


17,680 
2,600 


62         17,660 
2, 710 


62         17,660 
2,706 


94 


64  )      51 


•13,150 


•13, 350 


•13,350 


9,800 


9,800 


8,500 


8.500 


8,500 


Total  cost  of  hall  and 
enfcinea  of  vessels 
bmlding  In  Her  MslI- 
esty's  dock-yards 
sna  in  private  yards, 
when  completed. 


58. 
15 


fa 


£  £  £ 

67.370  I    Incomplete. 


64,214 


64.214 


•35,650 
•4,160 


•35,660 
•3,920 


<26,150 
•^,600 


•26,150 
■2,710 


•26,150 
•2,705 


31,750  I      13,150  1     •46^000 


3,400  I 
0,000 


•3,400 


«D,900 


51,041 


51,250 


31,869 


31, 620 


21,432 


21,090 


21,846 


36.C60 


2,910 


16,103 


15,984 


10,708 


10.066 


9,019 


8,970 


9,020 


15,875 


606 
^9,000 


I 


•68.044 


•67.243 


H2,577 


•42,285 


•80,451 


1,060 


•30,366 


5:,  535 


13,416 


•Liable  to  revision  when  the  aoconnts  are  finally    '  Speed  dodncod  from  trials  of  sister-ship. 

dosed.  •  fistlmated  costof  completing  forsealndo4'k  yai-d. 

•Parcbaae  money. 


no 


OUDNANCE   AND   WAK   SHIPS. 
SUUement  of  the  armored  and  unarmored  »kip$  laid  down  to  huUd  in  Sm 


ABMOBXD.—BarMle  thipt. 


Bbnbow  . 

DaiUM  i  GommoDoed  buUdinx  Nov.  1 ,  1882 ;  Mtimated  to  be  completed  Jnly,  1888, 
by  oontrftotort.  and  by  dock-yard  nine  months  later.  Where  and  qf  what 
built :  BnOdinff  at  Thamee  (tod  Works,  Blackwall ;  of  eteel.  Maker  of  en^fine : 
Maadfilay .  Thicknese  pf  armor  pUUing :  On  sides,  18" ;  bulkheads,  16" ;  bai^ 
beites,  U"  and  12";  coonlog  tower,  12"  and  0";  armor  tabes.  12";  screen 
bnUkheads,  8" :  decks,  3"  and  21" ;  skin  plat  ins.  I ".  Baeking :  Teak,  15"  to  12". 
Armament :  Barbettes,  two  18.25"  100  ton  B.  L.  B.  Upper  deck,  ten  6"88  cwt. 
B.L.R. 

Cajifbbdowk 

iXsCM:  Commenced  building  Dec.  18,  1882;  estimated  to  be  completed  Dec., 
1887.  Where  and  qf  what  buUt:  BnUdlng  at  Portsmooth ;  of  steel.  Maker 
qf  engine:  Mandslav.  Thieknettqf  armor ptatifig:  On  sides,  18";  bnlkheads, 
10" ;  barbettes,  U"and  12";  conning  tower,  12'^  and  9";  armor  tnbes,  12"; 
screen  bulkheads.  0" ;  decks.  3"  and  2k" ;  skin  plating,  I".  JSacking:  Teak, 
15"  to  12".  Armament:  Barbettes,  four  18.6"  64  ton  B.  L.  R.  Upper  deck, 
six6"88cwtB.L.K. 

HOWB 

Dateei  Commenced  building  June  7,  1882;  estimated  to  be  completed  Deo., 
1886.  Where  and  ej  viihat  InxXiX:  Building  at  Pembroke:  of  steel.  Maker  C(f 
engine:  Hnmpbrys.  ThickneMe  <if  armor  pUiting:  On  sides,  18";  bulkheads, 
lO'^:  barbettes,  Hi"  and  10";  conning  tower,  12"  and  9";  armor  tubes,  12"; 
screen  bulkheads,  6" ;  decks.  3"  and  21" ;  skin  plating.  1".  Sacking :  Teak, 
17"  to  10".  Armament:  Barbettes,  four  13.5"  64  ton  B.  L.  R.  Upper  deck, 
siz6"89cwt.B.L.B. 

Urabmosxd.— PortiaJZy  protected  Ooope. 

Ptlades* 

Dateei  Commenced  bnjlding  Jan.  1, 1888 ;  launched  Not.  5, 1884 ;. estimated  to 
be  completed  Mar.  81, 18w.  Where  and  pf  what  hwH:  At  Bheemess;  com- 
posite. Maker  of  engine :  Laird.  Armament :  Upper  deck,  fourteen  5"  86 
cwt  B.  L.  B. 

UifABMORBD.— (Tun  vettelt. 
Acorn  «. 


Datee :  Commenced  building  Oct  10, 1882 ;  launched  Sept  6, 1884 :  estimated  to 
bo  completed  Apr.,  1885,  by  contractors,  and  by  dock-yard  in  1885--'86. 
Where  and  cf  what  btnlt:  lyuford  Haven  Company.  Pembroke  dock;  com- 
posite. Maker  cif  engine:  Maudslay.  Armament:  Upper  deck,,  eight  5"  86 
cwt  B.  L.  R. 
Mabinbrs 

Datee :  Commenced  building  Jan.  8, 1883 ;  launched  June  23, 1884 ;  estimated  to 
be  completed  Mar.,  1885.    Where  and  qf  what  luUti  At  Devonport;  com- 
posite.   Maker  of  engine :  Hawthorn.    Armament :  Upper  deck,  eight  5"  86 
cwt  B.  L.  R. 
Rbimdeeu* , 

Datee:  Commenced  building  Jan.  15, 1883 ;  launched  Nov.  14, 1888;  completed 
Jan.,  1885.  Where  and  qfwhal  b%UU :  At  Devonport ;  composite.  Maker  qf 
engine:  Hawthorn.    Armament:  Upper  deck,  six  5"  86  cwt  B.  L.  B. 

Unabmosbd.— 4>seia{  Mrvios  veeeOe. 
(tug) . 


10,000 


10,000 


9,700 


1.490 


6,640  8^500 


6; 640  ;9,560 


6,880  0,«I6 


780 


970      530 


970  !    580 


Btormoock  (twin  screw  sea*g( 
Datee :  Purchased  in  Sept,  18ra ;  completed  Kov.;  1888^  Where  and  qf  what 
bum :  At  Laird's,  Birkenhead ;  of  steel.    Maker  qf  engine :  Laird. 

iBTHA  (paddle  tug) 

Dateei  Commenced  building  Out.  28, 1882;  launched  Sept  1,  1888;  completed 
June,  1884.  Where  and  of  what  buUt:  At  Laird's,  Birkenhead;  of  steel  and 
iron.    Mcikerqf-engine:  Laird. 

Mbtbob  (paddle  tug) 

Datee:  Commenced  building  Oct.  23, 1882;  iaunched  Sept  5, 1883;  completed 
Aug.,  1884.  Where  and  of  what  buOi:  At  LainUB.  Birkenhead;  of  steel  and 
iron.    Maker  qf  engine:  Laird.  I 

1  Reclassified  as  a  corvette  in  July,  1883.  *  Reclassified  as  a  sloop  in  November,  1884. 

*  Constructor's  estimated  speed,  with  nntaral  draugnt. 
•  Purchase  money.  '  Speed  deduced  frum  trials  of  sister-ship. 


970 


568 


580 


530 


250 


260 


0M 


8B0 


i,aM 


970 


OKDNANCK   AND    WAR   SHIPS. 


Vajesitf^H  dock-^arde  and  by  contract  nnce  Ax^rll,  1880,  «|t.— Continued. 


Ill 


Draught  of 

water 
(sea-going). 


1 


Frtt. 
330 


330 


3*25 


Feet. 


««i 


Feet. 
•26i 


•2H 


•26i 


300 

38 

1«7 

32 

m 

32 

167 

82 

m^ 

25 

128 

25 

128 

25 

11» 

111 

111 

"8* 

•lOJ 

>10f 


Feet, 

»27i 


i 


I 


KnotM. 
•lOwO 


»27i  I     M6.0 


•27i 


•18.0 


»16|      n3.o 


14i        ni-O 


l*i 
lij 

>10| 
«I0| 

«10| 


•11.0 


•ILO 


•12.0 


12.0 


i 

b 

^i 

^ 

g 

t-» 

g  ' 

1 

o 

Tone, 

1,200 

455 

1,200 

445 

1,200 

445 

Eatimated  first  cost  of  veaads 
building  in  Uer  Mi^ieaty'H 
dock-yanla  and  in  piivate 
yards. 


•3.5- 


£ 
472,01 


^ 


o      I 


I 


Total  cost  of  hall  and 
onfftnts  of  Teasels 
building  in  Her  Maj- 
esty's dook-ysran 
an((  in  privato  yards 
when  completed. 


£ 
107,000 


475,000  ,  n04,900 


440,000     n03,000 


400  '    150 

I 


I 


52,020  1    ne,6oo 

I 


I      .  I 

150       100  <      27,600  !      14,500 


150 
150 

120 
80 

80 


100        37,  OCO 


100        85,000 


•579. 000  I 


Kt 

« 

o 

II 

is 

^<a 

^^i 

=3 

a 

■& 

n 

& 

* 

£ 

Incomplete. 


579, 900      Incomplete. 


543,000 


68,520 


•42,000 


•11,750  I      48,750 


•11,750  ;      46,750 


23.000 

I 


•28,000 


12.250         12,760  '     »25,000 
12,250  ;      12,750  ■     »26,000 


Incomplete. 


Incomplete. 


Incompkto. 


Incomplete. 


g 


83,850 


13,656 


12,831 
13,055 


23,000 
13,244 


12,819 


'46^606 

■23,000 
»25,775 

»26,874 


*  Estimated.  ^Ooastraotor'it  estimated  spoed,  with  fuioed  draught.  '•  Contract  price. 

'  Liable  to  reybion  when  the  accounts  are  finally  closed. 
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StaUmemt  of  the  annored  and  unarmored  skips  laid  down  to  h^ld  in  Her 


KUDM. 


UNABlfOBBD.—iS'pMtal  MTviM  vMiOi  •Coatinntd. 

Wavk  (screw  yacht) '..  

JkUsa:  PnronaMd  in  Nov..  1882;  completed  Apr.  26,  1884.  When  and  of  what 
huiU :  Se«th*».  Glasgow :  of  wood.  Maker  c/  engine :  Kincaird,  Donald  &,  Co. 
Armament :  Upper  deck,  one  6  p<lr.  S.  B. 

Ha2(DT  (screw  barge  for  gnn  trials) 

Datt»:  Comraenced  boTlding  July,  1882;  laoocbed  iu  1883 ;  completod  iu  1883. 
Where  and  qf  vsihat  buiU-.  AnnstroDg  Sc  Co.'m,  Newca«tIe-on-Tyne ;  of  iron. 
Makers  of  engine :  Armstrong  ic  Co. 

FiBBQUKBN  (scrow  tender) 

Doteff:  Pnrobased  in  March.  1883;  completed  July,  168.1.  Where  and  of  toheU 
buHt'.  Leith ;  of  iron.    Makere  of  engine:  Walker,  Henderson  &  Co. 


Anson. 


1883-^4. 
AauouKD.— Barbette  ehipt. 


Dates:  Commenced  building  Apr.  24, 1883;  estimated  to  be  completed  Sept-.. 
1887.  TTAsra  and  q^  vftat  5u^:  Baildinj;  at  Pembroke:  of  steel.  Maker  of 
engine:  Humphrys.  Thickness  nf  armor  plaUna:  On  sides,  18";  bulkheads, 
16";  barbettes,  14"  and  12";  conoiug  tower,  ri"  and  0":  armor  tubes.  12"; 
screen  bulkheads, 0" ;  decks,  8"  and  2|":  akin-pbtiug.  1".  Backing:  Teak, 
16"  to  12".  Armament :  Barbettes,  funr  13)"  64-ton  B.  L.  R. ;  upper  deck,  six 
6"89cwtB.L.R. 

Ukabmoreo.— Protoeted  §(eam  eruieere. 

Mbbsbt 

Dates:  Commenced  building  July  9, 1883;  estimated  to  be  completed  Maroh, 
1886.  Where  and  qf  what  built :  Building  at  CLatbam ;  of  steel.  Maker  e/ 
engine :  Humphrys.  Armament:  Upper  deck,  two  8"  13* ton  B.  L.  R. ;  ten  6" 
89cwt.B.L.R. 

Sbvkbn 

'Dates:  Commenced  building  Jan.  1, 1884 ;  eatimated  to  bo  completed  in  1887-88. 
Where  and  of  wha^  buiilt :  Building  at  Chatham ;  of  ateel.  Maker  of  engine : 
Humphrys.  .  Armament :  Upper  (feck,  two  8"  13  ton  B.  L.  R. ;  ten  6"  80  owt  B. 


£ 


Raccb'  . 


XJsABMomLV.^Oun-vessels. 


Dates :  Commenced  building  Apr.  0, 1883 ;  launched  Aug.  6, 1884.    Sstimated  to 
be  completed  March,  1886.    Where  and  of  whtU  buUt :  At  Devonport ;  compo- 


site.  Maker  qf  engine 
B.  L.  R. 
Mbutai 


Hawthorn.  Armament:  Upper deok, eight 6" 86cwt. 


Dates:  Commenced  building  Julv  18,  1883;  estimated  to  be  completed  in 
1886-*86.  Where  and  of  what  built:  Building  at  Malta;  composite.  Maker 
tlf  engine :  Malta  yard.    Armament :  Upper  deck,  eight  6"  36  cwt^  B.  L.  R. 

Uh  ABMOBXD.  —  Torpedo  cruisers. 

Scotn- 

Dates :  Commenced  building  Jan.  8, 1684 ;  estimated  to  be  completed  June  29, 
188.y  by  contractors,  and  dock-yard  in  1865-'86.  Where  and  of  whaX  buttt : 
Building  by  J.  &  G  Thomson,  Glasgow ;  of  steel.  Maker  qf  engine :  Thom- 
son.   Armament :  Upper  deck,  four  5"  36  owt.  B.  L.  R. 

VnAtLMOBXD.— Dispatch  vessels. 

SURPUISK 

Dates :  Commencrd  building  Feb.  14, 1884 ;  launched  Jan.  17, 1885 ;  estimated  to 
bo  completed  May  30, 1885,  b  v  contractors,  and  dockyard  in  1886-*86.  Where 
and  of  what  built:  Palmer  Sbip-building  Company,  JaiTow-on-Tyne;  of  ateol. 

*    Maker  of  engine :  Palmer  Ship>building  Company .  A  rmament :  Upper  deck, 

one  6pdr.  S.  B. 
Ar.ACRITT 

Dales:  Commenced  bnildin«;  Foli.  14, 1884 ;  lauuched  Feb.  28, 1886 ;  estiuiati'd 
to  bu  completed  June  30,  1885,  by  coiitractorR,  and  dockyard  in  188.V>.6. 
Where  and  of  what  built:  Palmer  Sbip-biiildiue  Coninauy.  Jarrow-on-TyD*^; 
of  steel,    izaiter  o/ C9i^in«:  Palmer  tihip-buildiDg  Company.    Armament: 


Upper  deck,  one  0-pdr.  S.  B. 
*  Reclassified  as  a  aloop  in  November,  1884. 


I 


320 


140 


I 
1 


508       100  ,    310 


446  I    220 

.     I 


I 
10,000  16,640 


3,650 


3,550 


070 


070 


1,430 


1,400 


1,400 


300  I 


0,500 


2.010 

6,000  j 

2,010 

6,000 

530 

£50 

sao 

850 

760 

3,200 

780 

3,000 

780 

i 
1 

3.000 

*£stimAled. 


*  Constructor's  estimated  speed,  with  natural  draught. 


■  Purchase  money. 
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Majmilfs  dook-yarda  aiui^ir  contract  Hnee  April,  1880,  ^—Continued. 


i 


FmL 
186 


IIH 


1571 


330 


900 


aoo 


167 


167 


220 


250 


FmL 

87tt 
231 

C81 


46 


46 


32 


34 


321 


821 


Draught  of 

water 
(sea-goioK). 


1 


Feet 

n 


>7f 

•2 

•261 


FteL 


•16 


•16 


U| 


i 


KnoU, 


•7}  0.0 


•12  11.8 


•271 


'16.0 


Tont. 
10 


1,200      454 


§ 


•20         n^O      760      250 


•20 


•141 


•11}     ^141 


121     '141 


•13 


•14 


•12    I  »U 


•17.0 


•ILO 


750 


150 


•11.0       190 


H6.0 


460 


300 


100 


100 


180 


•17. 0       400        00 


•17.0       400  ;      GO 


Estimated  first  oost  of  reasela 
boilding  In  Her  Majesty's 
dock-yards  and  in  private 
yards. 


la 
II 


0 


6^000 


0,900 


•a® 

a 


2,002 


3,600 


13.000 


475,000 


106,600 


106,600 


36^800 


30.000 


43.000 


86,875 


36,375 


«106,000 


«54,000 


«54,000 


Ml,  750 


To      be 

made  in 

KiUta 

yard. 

23,600 


20,680 


20,680 


*8.002 


M3,400 


•13,000 


581,000 


160,500 


160,500 


48,550 


466,600 


«60,055 


460,055 


Total  cost  of  hall  and 
engines    of    vesneU 

'  buUding  in  Her  Mig* 
oety's  dock-yards 
and  in  private  yards 
when  completed. 


It 


6,000 


10,908 


9,420 


2,002 


3,932 


5,347 


Incomplete. 


Incomplete. 


Incomplete. 


Incomplete. 


Incomplete. 


InoompletCk 


Incomplete. 


Incomplete. 


•6,002 


14,860 


14.767 


4  Contract  price. 

4953  OR — 


*<:*MHtr'iri(>r'j«  oi<tiin:ited  Rpee«1  with  forced  draaght. 
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t 


VKAMMOBMD.^9p9efal  mtvCm  Mwab. 

iMOGixs  (Mrew  jAobt) , 

Ikttet:  PurchftMil  in  JuiiiM-y,  1884;  estlmatGd  to  be  conipletrd  Jnlj,  1884. 
Whgre and qf  what  InUUi  BaicUy,  Carle  4& Ca ;  of  wood.  Umktr^mgiifi 
BarcUy.  Carle  &  Co. 

1884-»8A. 


Hbiio. 


▲bmobbo.— Ti(rr«e  tMpt. 


DaUt:  CommoDoed  bailding  Apr.  21, 1884;  eatimftted  to  be  coniaeted  March, 
1887.     When  and  of  vhat  buvUi  BaUUing  at  Chatham ;  of  ateel.    "  ' 
•iiiiifM:  Bennle.    IhiektiUi  «\f  armor  plating :  Oaaidea,'"" 
balkheada,  11|".  11",  and  10|" ;  tarrct,  »" :  oooning  tower, 
-'       111";  akin  plating,  I''.    Backing  .Teak,  13  f' 


9  «^fHIIMV«OU  JBBCVU, 

ofateel.    Maker  ^ 

,  12",  11",  and  WKj 

..  _  ,12"aad<K'td6eka, 

24" and  1|'' ;  akin  plating,  l*".    Backing-.  iVak.  13|^'  to  0".   Armamentx  Tnr- 

reta,  two  12"  43  ton  B.L.  B. ;  upper  deck,  four  8"'  89  owt  B.L.B. 

UxARMomD.— iVefaotMl  $te»n  ervtieen. 

Fonni  

DaU$i  Cooimenccd  batlding  Deo.  1, 1884:  o<»tlmated  to  be  completed  in  1887-*88. 
"Whmre  and  ^  wAaC  buitt :  Bailding  at  Pembroke ;  of  atPol.  Uaker  V  tmgime : 
Hawthorn.  Armamtnix  (Jp])erdeok,two8"13(onB.L.Il.;  tene"89owt&L.B. 

TnwBS 

DaXM :  Commeno^  bnildingApr.  14, 1884 ;  catlmatod  to  be  completed  in  1887-*88L 
THiere  and  ^  ulhaX  6«itt :  Bailding  at  Pembroke  \  of  ateel.  Meher  ei engiaH  i 
renn.    Armament  i  Upper  dock,  two  8"  18-ton  B.  L.  B.;  ten  8"  88  ewi  B.  JL  B. 

UXABUORID.— <7ttn-i>Ma«{0. 

Swallow 

Dat€$  s  CommeDce<l  building  Jan.  1, 1885 ;  catimated  to  be  oompleted  In  1885-'88. 
Wher*  and  o/  vfhat  built:  Bailding  at  Sheemeas;  compoaito.  Mater  t^ 
engine :  Bennio.    Arputmenit  i  Upper  deck,  eight  5"  36  owt  B  L.  B. 

ICAKUB* 

DaUex  Commenced  building  Auff.  18, 1884 ;  eatimated  to  be  completed  in  1888-'87. 
When  and  pf  ^nikat  btiitt :  Bailding  at  Deronport ;  of  oompoalte.  Maker  ^ 
an^finai  Barrow  8bip- bailding  Company.  Armeanenix  Upper  deck,  eight 
ft"  36  owt  B.  L.  B. 


FkABLW. 


UHAimoRBD.— TofiMtdo  erxAeen, 


Dolet:  Commenced  bailding  Sept  22. 1884;  eatimated  to  be  completed  F^K, 
1886,  by  contraciora,  aud  dockyard  in  1886-'87.  Whtn  and  </ wJUK  hwOXx 
Bailding  by  Barrow  Sbip-baildlnflr  Company  i  Barrow*in*Famcaa ;  of  atceL 
Jfafar  ^  engine :  Barrow  Ship-building  Company.  Armament :  Upper  deck, 
four  ft"  86  owt  B.L.  11.  t-  »—  •-*— 

Ukabmobbd.— Chm  ofid  torpedo  vetede. 

CUHLEW 

DafM:  Commenced  building  Jan.  ft,  1889;  estimated  to  bo  oompleted  in  188ft-*86. 
When  and  ^f  what  huiU :  Bailding  at  Devenport  i  of  ateeL  if  oJtar  ^f  engine : 
Penn.   Artnament:  Upper  deck,  one  (/' 89  cwt  B.L.S.;  threoft"36cwt  B.X.B. 

Lastdraxl 

J>at€e:  Commenced  baildingjan.  6, 1885:  estimated  to  be  oompleted  in  1886-*87. 
When  and  of  *8hat  buiU :  Building  at  Derooport ;  of  ateel.  Maker  ^f  engine : 
Penn.  Armament :  Upper  deck,  one  6"  89owt  B.L.B.;  three  ft"30  owt  BIL.B. 

Usiabmobsd.— fiipacial  §ertie$  vMMlt. 

Baxn  (acrew  tank  venaei) 

Xtoteti  Commenced  building  Jan.,  1885;  eatimated  to  be  completed  in  Jan., 
1886,  by  oontractora.  ITA^r*  and  qf  tohat  buiU:  Building  by  Queenatown 
and  Paaaage  Docka  Company,  Cork  ;  of  iron.  Maker  of  etufino :  Qaoenatown 
and  Paaaage  Docka  Company. 


6^109 

8»8B9 

3,860 


6LO0O 


2,610 


2;  010 


1.430 


78ft 


785 


280 


530 


780 


435 


435 


108 


B^TQO 

1.800 
1,200 

1.200 

1,200 
1,200 

120 


I 


1  B^daaaifled  aa  a  aloop  iu  November,  1884. 


*  Estimated. 


^ *  Purchase  money. 

•Conatt  uotor'a  estimated  speed  with  forced  draught  *  Contraot  price. 

Four  flrat-clasa  torpodo-boata  haye  been  ordered  to  be  built  for  the  navy  aince  April,  1880,  equal  to 
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Maje$tif*9  flook-jfards  and  bj/  caniraei  mnee  JprU,  1880,  ^c.-~Coiitiuued. 


1 
1 

M 


Draught  of 

water 
(aea-golng). 


M 


I 

I 


I 


Bstimated  flnt  c(»tt  of  vcrmIh 
baildiog  iu  Her  Hi^osty's 
dook^yuds  and  in  private 
yards. 


>  . 

la 


9 

n 


It 


I 


Total  ooet  of  hull  and 
en)rioee  of  vessels 
baUdiog  in  Her  Maj- 
esty's  dock-7  a  r  ds 
and  in  private  yards 
when  oompleted. 


e 

II 

f 


F§eL 
IfiOi 


270 


2H 


•9* 


•S8 


«13 


m 


Tont, 
58 


HOOO 


•15.6 


260 


196 


187 


2» 


196 
196 


101 


no 


no 


ni 


nil 


nsi 


no 


no 


■20 


na 


"Ml 


•IH 


ni 


n7.o 


nio 


n8.6 


n2.5 


no.0 


n4.o 


760 


750 


280 


150 


300 


300 


100 


180 


m 


ni      nco 


7.6 


260 


260 


18 


203,000 

100,000 
100»000 

88,000 
80,800 

40,260 

88,600 
28,600 

4*890 


*60,000 

«48^500 
•53,500 

•16,000 
•12,726 

28,250 

•12,000 
•12,000 

8,110 


■M.OQO 


84«,000 

148,600 
158,600 

48,000 
49,026 

•08,500 

41,100 
41,100 

^000 


£ 
11,480 


£ 
6*914 


£ 
•17,868 


Inoomplete^ 


Inoompleta 
Inoompletei 

Ineomplele. 
Inooniplets^ 


InoonplelSb 


Xnoompletob 


•  Liable  to  revision  when  the  acoonnU  are  finally  closed. 
112  tons  dispIaceDieat^  and  tenders  wsre  received  on  18th  March,  1886,  for  10  first-lass 
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8HIP-BUILDIHG  PBOOBAMMB 

[Von.— The  parlifliiliira  in  this  ratein 


10 


Dl  DOCB-TABM. 


KewaiiDOrdAd* 

Kew  Annor-dad* 

TMpMO mm ............... 

2f  ew  **  Soovl'*  (torp«do  ornlMT) 


Kew  gun  retMl  (*'  SwaUow  " 


xew  gui 
type). 


BTOOHTRACT 


New 


Belted 


Kew  •*8ooDte" 


New  gauboete  (coropoelte)  of 
about  060  tone.  Pnrtlealnra 
not  aettlod. 

Flrat^lMe  torpedo-boete 


I 


Sbiu. 


8,220  %.60O  2,010 
1.000>8.900      7M 


10,470 


llVm*. 


1.000 

n,50o 


*8,500 


*7,S00 


>8.500 


500 


0.850 


a 

t 

Q 

1 

if 


Portimrtnth- 


BflTOTipOtt. 

Sheeraeee. . 


ft 


Tendon  invited 
Feb.  20, 1885. 


8,000,  Tenders  inrited 
I      Feb.28,1885w 


790  MeearaJ.aodO. 
Thomson,  Glss- 
ow     (ordered 
>U  27, 1885). 


gpw 
FBb 


Tenders  reoHTed 
Har.18,1885. 


^0    40  1«(  19| 


^» 


196 


Drsogbt 


M 

f.  .    . 

W        fri         ^ 


FL   Ft 


30,12* 


11 


70 


800     56 


226     80 


l*k 


12 


201  m 


104   2Si 


121   141 


II 

•A  .3 


Steel... 
Steel... 


Ooaipoe> 
Ite. 


■TSTpenotyetdeoldea. 


B.  L.  B. . .  .BrMohJoMllnf  rite. 
IL  L.  B. . .  .MsnMMiSff  ilis. 
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h»Te  bMB  ooRMtod  to  Uarah  1«^  U85.) 
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1 

1' 
1 

1^ 

A™»«t. 

§ 

TomtB 
or  barbettes. 

Upper  deck. 

1M 

Tom. 

000 

476 

»0 

000 

475 

Knot9, 

no 

•164 
•J7» 

no 
no 

4)"  to  V*  on  tartie-baok  deok. 
Thin  watertight  deok 

Thin  WAterUght  deck  (p«r. 

On  aides,  18"';  bnlkheada, 
10";  redoubt,  18";  tnrret, 
18":  conning  tower,  14^'; 

18" ;  horixontal,  V ;  doping 
part  of  deok,  8^ 

Thin  water-Ught  deck 

NU 

NU 

HU 

NU 

Two  8"  B.  L.  B.I  eteht  1"  Nor. 
denfelta;  torpedoes. 

Four  0"  gnus  on  poop  and 
forecastle :  two  V'  gnns  on 
upper  declE;  eight  1"  Nor. 

Sight  8"  B.L.^  guns:  ma* 
chine  gnns ;  boat  gon. 

TwelTo  8"  a  L.  B.  on  upper 
deck  1  twelve  qnick-flcing 
guns,  and  twdvo  1"  Nor 
dcufelts  on  spar  deck ;  tor- 
pedoes ;  boat  and  field  guns. 

TwoV'.2 18.ion  B.  L.  B.  and 

140 
100 

NU 

430 

AM 

0"teak.. 
0"teak  . 

NU 

% 

2  110-ton 
gone    in 
turret. 

NU 

140 

NU 

ten  0"  B.  L.  B.  on  upper 
deck;  six  quick-firing  and 
eight  1"  Nordenfelts   on 
main  deck;  two  Norden- 
felU  in  tops;  torpedoes. 
Four  6"  B.  £.  &  gnns  on  poop 
and  forecastie;  two#'on 
upper  deok ;  eight  1"  Nor- 
dei7elts;  torpedoes. 

&B.... 


'  Fteved  dmngbitt  spaed,  mm  poww* 
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STi  FEMBHT  SHOWIHO  TOTAL  EZPEHDrTUBE  ON  SHIP-BUILDING 
FBOK  1865-66  TO  1883-'84. 


1869.'fl6 
180l-'«7 

IfiTV-Tl 
1871-'73 

]9/8-'74 
V«4-*76 


£ 
1,118.108 
1,014.406 
1,800.749 
1,004.862 
1,887.047 
1,880.814 
1, 184, 172 
800,067 
1,200,028 
1,528,161 


1876-76 
lPT6-*77 

1877-78 
1878-70 
187»-'80 
186D-'81 
1881-'82 
1882-'83 
18e3-*84 


£ 
1,613.218 
2.121.060 
*2, 022, 442 
1,508.040 
1.886^607 
1.426,840 
1,682.500 
1,767,014 
1,080^000 


■InoladM  1,528,1971.  oat  of  rote  of  credit 


UtKOBED  AND  TOABIIOBED  TOHVAOE,  BUILT  IN  HEB  ICAJESTT'S 
DOCK-TABDS  AND  BT  CONTRACT  AND  PUBCEASED,  AND  THE 
TOTAL  NAVAL  EXPENDITUBE,  FBOK  186ft-'66  TO  188S-'84,  IN- 
CLUSIVE. 

|The  Btudftid  tonnage  propooed  lii  1870  wm  :  Armorvd,  12,000  tons ;  nnarmcred,  7,600.  The fttr greater 
computation  and  increaaad  apeed  and  power  in  shipa  have  increaaed  the  eoBt  of  prodaoHon  in  lahor 
and  materiala  per  ton  elnoe  1870  hy  50  per  cent.] 


Tear. 


1865-*66 
1866-'67 
18e7-*68 
1868.'60 
1860-70 
1870-71 
1871-'72 
1872-'78 
1878-74 
1874-76 
1875-76 
1876-'77 
1877-78 
1878-78 
1879-'80 
1880-'81 
1881-*82 
1882-*88 
188&-'84 


Aetna!  eipenditnre  for  Naval 
■ervio6.> 


IS 


Tom. 

Tom. 

£ 

11,588 

4,851 

8,517,119 

7,458 

6,118 

8.627.797 

18,568 

13,855 

0.404,500 

16,414 

7,726 

9,302,017 

21,460 

8,713 

7,076,286 

15,062 

4.660 

7,957,205 

18,920 

7,538 

7, 894, 854 

6,858 

8,178 

7.602,925 

5,008 

9.701 

8,376,223 

8,457 

8,023 

8,060.010 

14,276 

^440 

8, 853. 173 

11,448 

12.782 

9.152. 857 

•21.921 

'14,289 

10,435,442 

8,220 

9,661 

9, 001, 100 

6,851 

8,876 

8,196.075 

8.525 

8,200 

8,055,875 

10,026 

8,584 

8,363.302 

11,821 

8.596 

8.500,499 

12,864 

0,415 

8,43,%  820 

£ 
1,887.628 
1,410.427 
1.432,871 
1,443,161 
1.533,360 
1,713. 138 
1,724,570 
1,771,403 
1.802,810 
1,846,504 
1,869,451 
1,887.571 
1. 910. 906 
1,941,448 
2,005,498 
2, 050, 800 
2,070,026 
2.067,811 
2,077.205 


£ 

9,904,742 

9.044,2S4 

«]0,806,871 

no,  745, 178 

9.509,655 

«9, 670, 838 

9.619,424 

9,874,868 

•10,179.042 

10.506.520 

10.722.624 

11,089,928 

"12,840^348 

10.942,647 

•10,201,578 

10. 115, 175 

10.442.418 

M10,668,810 

10,518,025 


>  Ezclndinff  the  oonveyanoe  of  troopa  and  votes 

of  credit. 

•  Vote  of  credit  £1,500,000  additional. 

>  Vote  of  credit  £2,875,000  addiUonal. 

•  Vote  of  credit  £750,000  additional. 

•  Vote  of  credit  £26O,0UO  additional. 


•  14,808  tons  purchased. 
'4,839  tons  pnrohased. 

•  Vote  of  credit  £1,750,000  additional. 
•Vote  of  credit  £375,000  additional. 

!•  Vote  of  credit  £1,125,000  additional. 


Under  *'  Navy  non-eifective  services  "  are  halfpay,  military  pensions  and  allowanoea,  and  civil  pen- 
sions and  allowances. 

Taken  from  the  statement  of  E.  N.  Swaiuson.  Assistant  Secretary  to  the  Admiralty  of  May  28, 1888. 
(Reg.  No.  1271).  «!zcept  fur  yean  1882-*83  and  1888-84. 

For  l882-'83.  from  appropriation  accoant  villi  liie  report  of  the  Comptroller  and  Auditor-General, 
Feb.  10,  1884.  t-  ■  -. 

For  1883-*84,  fk-om  same  of  Feb.  24, 1885. 


EXTRA.OT8 


FROM  THB 


EEPOKT  OF  THE  GUN  FOUNDRY  BOARD. 


( Report  of  the  Onn  Fonodry  BoanL  Febnmnr  10^  1884,  orsanlzeil  by  tho  President  la  aeoordance  with 
■n  net  of  CougreM  approved  ICarch  8,  1883.  Together  with  the  Sapplementery  Report  of  Deoember 
80. 1884.) 
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The  act  of  GoDgress  approved  March  3, 1883,  under  which  the  Gun 
Foandry  Board  wag  organized,  calls  for  a  report  on  the  following 
points: 

(1)  Which  of  the  navy-yards  or  arsenals  owned  by  the  Government  has  the  best 
location,  and  is  best  adapted  for  the  establishment  of  a  Government  foundry. 

^2).  What  other  method,  if  any,  shoald  be  adopted  lor  the  manafactare  of  heavy 
orunanoe  adapted  to  modem  warfare,  for  the  use  of  the  Army  and  Navy  of  the  United 
States. 

(3)  The  cost  of  all  buildings,  tools,  and  implements  necessary  to  be  used  in  the 
manufacture  thereof,  including  the  cost  of  a  steam-hammer  or  apparatus  of  sufficient 
size  for  the  manufacture  of  the  heaviest  guns. 

The  first  qnestioii  presnpposes  the  establishment  of  a  Government 
Oun  Foandry^  properly  so-called,  the  establishment  to  be  under  the 
absolnte  control  of  the  Government,  and  the  details  of  all  work  to  be 
supervised  and  directed  by  Government  officers. 

The  answer  to  this  question  involves  simply  an  expression  of  opinion 
as  to  the  superior  adaptability,  for  the  purposes  of  a  gun  fonndry,  of 
any  navy-yard  or  arsenal  now  owned  by  the  Government. 

The  second  question  imposes  no  limitation,  and  calls  upon  the  Board 
to  suggest  **  any  other  method "  (apart  from  a  Government  foundry, 
pure  and  simple)  by  which  the  purposes  of  the  act  of  Congress  can  be 
achieved.  The  Bonrd  is  evidently  called  upon  to  consider  the  subject 
of  joint  action  between  the  Government  and  private  parties  for  the  ac> 
complishment  of  a  national  purpose. 

The  Board  decided  that  there  were  three  points  of  view  from  which 
this  subject  should  be  considered,  viz : 

(1)  That  the  Grovemment  should  supplement  the  plants  of  some  of  the  steel  workers 
of  the  country  with  such  additional  tools  and  implements  as  would  enable  them  to 
turn  out  finished  steel  cannon. 

(2)  That  the  Government  should  give  contracts  of  sufficient  magnitude  to  enable 
the  steel  workers  of  the  country  to  supply  the  finished  guns  without  its  direct  aid. 

(3)  That  the  Government  should  establish  on  its  own  territory  a  plant  for  the  fab- 
rication of  caunouy  nnd  should  contract  with  private  nartles  to  such  amounts  as  would 
enable  them  to  supply  from  the  private  industries  or  the  oounUy  the  forged  and  tem- 
pered material. 

ENGLAND. 

SOUBCES  FROM  WHICH  THE  ABMAMENT  OF  ENGLAND  IS  SUPPLIED. 

Previous  to  the  year  1859  the  Boyal  Arsenal  of  Woolwich  was  the 
only  source  from  which  the  armament  of  England  was  supplied.  The 
arsenal  was  a  purely  governmental  establishment,  in  whicb  there  were 
sevi  ral  de]>ar^ments.  The  department  of  the  Royal  Gun  Factories  was 
always  under  the  command  of  an  officer  of  the  Royal  Artillery  ;  and  here 
all  cannon  for  the  army  and  navy  were  fabricated. 
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Siuce  the  year  1859,  the  Elswick  Works  nt  Newcastleou-Tyiic  has 
heeu  a  source  of  supply  on  which  the  Govcriimeut  has  drawn  more  or 
less  for  gnns.  The  experience  of  the  connection  of  the  Engh'sh  Govern- 
ment with  these  private  works  bears  directly  upon  the  subject  of  joint 
action  between  a  Government  and  a  private  firm. 

The  plant  put  up  by  the  Government  became  the  property  of  the 
private  company  at  a  nominal  valuation,  and  the  Government  paid 
about  £65,000  to  break  the  agreement,  besides  paying  an  increased  price 
on  articles  manufactured  for  it. 

FRANOE. 

SOURCES   FROM  WHICH  THE  ARMAMENT  OF  FRANCE  IS  SUPPLIED. 

Previous  to  the  Franco-German  war  of  1870,  it  was  the  custom  in 
France  to  confide  all  matters  relating  to  cannon  to  the  artillery  corps 
of  t'he  army  and  navy ;  aid  from  private  sources  was  neither  sought 
nor  offered ;  much  secrecy  was  observed  in  all  things  relating  to  the 
business  of  ordnance;  admission  to  the  Government  foundries  was  ob- 
tained with  difficulty,  and  the  experimental  ground  at  Gdvre,  with  rare 
exceptions,  was  closed  to  all  applictots. 

For  army  purposes,  the  gun  factories  at  Bourges,  Puteaux,  and  Tarbes 
supplied  all  demands,  while  for  the  use  of  the  navy  the  foundries  of 
Buelle  and  of  Nevers,  and  the  gun  factories  attached  to  them,  provided 
the  entire  armaments. 

With  the  advent  of  the  war  came  the  proof  that  a  close  corporation, 
such  as  was  constituted  by  the  system  heretofore  adopted,  could  not 
work  to  the  best  advantage  of  the  country ;  and,  with  the  return  of 
peace  and  the  necessity  of  re-armament^  came  a  revolution  of  ideas 
which  has  led  the  Government  to  modify  its  practice. 

It  was  recognized  that  the  Government  must  have  under  its  control 
some  establishments  purely  governmental ;  but  that,  in  order  to  pro- 
vide for  all  contingencies  as  well  as  to  prevent  official  ideas  from  run- 
ning^ too  much  in  a  groove,  it  was  desirable  to  encourage  private  in- 
dustries, po  that  a.spirit  of  emulation  might  be  excited  by  competition 
and  a  channel  afforded  through  which  new  ideas  and  inventions  might 
reach  the  national  works.  The  adoption  of  this  course  was  made  the 
more  imperative  in  consequence  of  the  new  departure  in  gun-metal,  and 
thi»  opened  the  way  to  the  encouragement  of  the  steel  industries  of  the 
countr}'. 

The  plan  thus  decided  on  has  been  consistently  carried  out.  The 
Government  gave  assurances  to  the  private  companies  which  induced 
them  to  expend  the  funds  necessary  to  erect  new  and  suitable  tools, 
both  for  the  casting  of  the  metal  and  the  fabrication  of  the  guns. 

The  result  of  this  action  can  be  appreciated  by  reference  to  the  fol- 
lowing list  of  private  companies  which  are  now  employed  in  providing 
armaments  for  the  Government: 

StEBL  BIANUFACTORIES  PRODUOINO  8TSBL  UP  TO  TUBES  FOR  16-CBI4TIMBTRE  GUN: 

Jacob  Holtza  &  Co UDieuz  (Loire). 

Manel  Freres Rive  de  dier  (Loire). 

Soci6t^  des  Acieries  et  Forges  de  Firmioy FirmiDy  (Loire). 

Coiupagnie  des  Forges  et  Acieries  do  St.-fitioiiDe St.-£tienne. 

STSBL  JCAKUFACTORIES  producing  STEEL  UP  TO  TUBES  FOE  4S-GBMTIMXTRB  GUN: 

Heori  Scboeider  &  Co I^  Crensot. 

Acierie  de  la  Marine St-Chamoud. 
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Private  companies  having  plant  of  nuN  factory  : 

Henri  Schneider LeCreneot. 

Call  &  Co  Paris. 

Soci6t6  dee  l^^orgee  et  Cbantiera  de  la  MMiternuin^ Havre. 

Compagnie  de  Fivee-Lille Fives-Lille(NoTd). 

Society  Anonyme  de  ConBtrnctione  Navales  da  Havre Havre. 

Acierie  de  la  Marine 8t.-ChaniODd. 

STKKL  tCANUVACTORIBS  PRODUCING  ARMOR  PLATK8 : 

Henri  Schneider  &  Co.  (forged  steel) Le  Crensot. 

Acierie  de  la  Marine  (compound). .»'. 8t.-Chamond. 

Marrel  Fibres  (compound) Rivede  Gier. 

Chatillon  et  Commetry  (compound) Montlu^on. 

The  compoand  plates  are  manafactored  ander  the  patent  of  Mr.  Wll- 
SOD,  of  Charles  Oammell  &  Co.,  Sheffield,  England. 

All  the  gan-carriages  for  the  navy  and  for  the  coast  defense  are  made 
at  private  works. 

The  above  lists  illustrate  the  immense  increase  of  resonrces  that  the 
Oovemment  has  obtained  by  enconraging  private  indnstries,  and  tl^ey 
contribute  an  important  historical  chapter  for  the  instruction  of  a  Ck)v> 
ernment  about  to  provide  an  armament  for  its  military  services. 

The  following  is  the  list  of  the  Government  works  manufacturing  for 
the  army,  viz : 

(1)  Fonderie  de  Canons  ji  Bourges,  in  the  center  of  France.  At  this  plaoe  steel 
guns  are  made  of  90  millimetres,  1&5 millimetres,  100  millimetres  and 240 millimetres; 
also  rifled  mortars  of  230  millimetres. 

(2)  Atelier  de  construction  h  Tarbes  in  the  Hautes  Pyreotfes,  in  the  southwest  part 
of  France.  At  this  place  steel  guns  are  made  of  90  millimetres,  and  120  millimetres; 
also  oarrisjges  for  field  and  siege  guns.  • 

(3)  Atelier  de  Construction  de  Puteaux,  near  Paris.  At  this  place  all  the  steel 
mountain  and  field  guns  of  80  millimetres  are  made ;  also  siege  guns  of  120  millime- 
tree,  and  the  Hotchkiss  revolving  cannon  for  flank  defense. 

(4)  Gun  carriages,  limbers,  &c.,  are  made  at  Oovemment  shops  at  Vernon,  Avig- 
non and  at  Angers. 

Oun-carriages  are  also  manufactured  for  the  army  at  private  works. 

Bonrges. — ^The  gun  factories  of  the  army  fabricate  no  guns  above  the 
caliber  of  24  centimetres,  and  it  is  only  at  Bourges  that  army  guns  of  this 
caliber  are  constructed.  At  the  private  establishments  mentioned  above 
the  work  of  fabrication  has  been  carried  as  high  as  34  centimetres,  but 
the  advantageous  working  capacity  of  the  factories  does  not  extend 
beyond  the  24  centimetre  gun. 

Buelle.— At  the  <^  Fonderie  dlluelle^  all  the  constructive  force  of 
the  marine  artillery  has  been  concentrated,  and  here  all  the  largest 
guns  are  made.  It  contains  the  most  remarkable  collection  of  tools  of 
the  age.  They  are  designed  for  guns  of  34  centimetres  and  upwartls, 
and  have  a  capacity  for  handling  guns  of  160  tons  in  weight  and  60 
feet  in  length.  The  shop  in  which  these  tools  ai*e  placed  is  about  450 
feet  in  length  and  131  feet  in  width,  having  a  height  of  85  feet  at  the 
central  peak  of  the  roof.  At  one  end  is  the  tubage  pit,  in  which  the 
gun  tube  is  placed  upright  to  receive  the  hoops.  The  bottom  of  this 
pit  is  at  a  depth  of  85  feet  below  the  floor.  It  is  excavated  in  a  rectan- 
gular form  and  is  divided  into  four  stories,  contracting  in  area  as  the 
lower  level  is  reached ;  at  each  story  or  landing  place,  the  opening  can 
be  floored  over  to  accommodate  the  work  of  hooping  any  length  of  tube. 
The  heating  furnaces  are  on  the  first  story  below  the  floor.  The  tools 
already  in  place  are  the  following,  but  there  is  room  for  fully  a  dozen 
more  of  similar  character : 

Two  turning  lathes,  capable  of  turning  guns  15  metres  long.  These  can  be  in- 
creased in  length  10  metres. 
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Three  boring  uiachines  for  sAinc. 
One  rifling  machine  for  same. 

Two  smaller  boring  machines  with  itdjustable  connections  for  turning 
Two  other  machines  for  performing  all  the  details  of  the  work  about  the  breech,  for 
receiving  the  fermetnre,  turning  the  screw,  slotting,  piercing  holes,  &c. 
Two  movable  cranes ;  one  of  100  tons,  the  other  of  30  tons  capacity. 

The  contractors  for  these  tools  were  Varall,  Elwell  &  Middleton,  Paris. 
The  plant  has  cost  millions  of  francs,  and  five  years  elapsed  l^om  the 
giving  of  the  order  to  the  setting  ap  of  the  tools.  A  large  portion  of 
the  time  charged  to  the  manufacture  must  be  credited  to  the  prepara- 
tion of  designs,  no  tools  of  their  size  and  great  capacity  having  been 
before  conceived. 

Taking  the  above  short  notice  of  the  works  at  Bnelle  in  connection 
with  what  has  been  stated  on  the  subject  of  private  industries,  it  will  be 
seen  how  well  all  the  requirements  are  provided  for  a  joint  production 
of  cannon  by  the  Government  and  private  parties.  The  latter  assist  up 
to  a  point  justifying  on  their  ])art  a  reasonable  outlay  of  money  for  a 
plant,  and  the  Government,  though  working  in  this  common  field  as 
well,  yet  reserves  to  itself  all  the  more  onerous  charges  involved  in  the 
manufacture  of  the  heaviest  ordnance. 

It  seems  as  if  in  France  the  happy  mean  has  been  reached  by  which 
the  Government  and  the  private  industries  can  work  harmoniously  to- 
wards the  accomplishment  of  a  national  object 

In  a  combined  system  of  this  kind,  it  is  very  important  to  be  assured 
that  there  exist  mutual  checks  which  act  to  prevent  the  one  party  im- 
posing improper  or  hard  terms  on  the  other.  The  Board  is  not  without 
evidence  of  the  existence  of  these  salutary  checks  in  France. 

A  short  time  since  the  Government  deemed  it  necessary  to  increase 
its  armament  by  300  additional  guns,  and  decided  that  certain  addi- 
tional tests  should  be  required  of  the  metal  for  the  tubes.  When  the 
provisions  of  the  proposed  contract  were  made  known  to  the  steel  man- 
ufacturers, they  resisted  the  requirements  as  being  too  hard  and  in- 
sisted on  the  acceptance  of  such  steel  as  had  been  previously  supplii.^ ; 
but  to  this  the  Government  wo'uld  not  accede.  Finding  them  deter- 
mined in  their  resistance,  the  Government  made  inquiries  abroad  aiA  to 
the  possibility  of  securing  the  metal  it  required,  and,  finding  tbot  a 
foreign  manufacturer  would  undertake  the  contract,  a  promise  was  given 
to  him  that  he  should  receive  the  order.  The  steel  manufacturers  of 
France,  hearing  that  the  order  was  likely  to  be  given  to  a  foreign  firm, 
endeavored  to  arouse  a  national  feeling  on  the  subject  to  constrain  the 
Government  to  make  the  purchase  in  France,  but  to  no  efiect;  and  they 
finally  proposed  to  accept  the  Government  proposition.  But  tho  min- 
ister had  already  given  his  word  to  the  foreign  manufacturer  and  the 
contract  was  lost  to  France.  In  this  instance  both  parties,  the  Govern- 
ment and  the  private  companies,  acted  within  their  independent  ri/cfhts, 
but  neither  could  compel  the  other.  This  exhibition  of  effective  coimter- 
poise  is  a  good  proof  of  a  happy  adjustment  of  forces. 

GERMANY. 

With  the  exception  of  the  small  gun  factory  at  Spandan,  near  Berlin* 
where  a  limited  number  of  cannon  up  to  15  centimetres  and  some  lifled 
mortars  are  fabricated,  the  source  from  which  the  armaments  of  Ger- 
many are  supplied  is  the  establishment  of  Mr.  Fried.  Krupp.  The  tlov- 
ernment  has  no  control  over  the  works,  consequently  the  prineipfll 
dependence  is  on  this  private  company.    Owing  to  the  great  epu»r- 
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pride  exhibited  iD  the  maDagement,  and  to  the  support  of  the  Govern- 
ment, the  establishment  has,  for  many  years,  enjoyed  a  monoiK>ly  of 
the  manufacture  of  cannon  for  Germany,  and  it  ha«  been  enalded  to 
furnish  guns  to  many  other  powers,  notably  to  Russia. 

The  essential  point  to  be  observed  in  this  short  notice  is  that  the  main 
supply  of  the  artillery  of  Germany  is  drawn  from  one  private  firm.  lu 
this  respect  the  method  differs  from  that  followed  either  in  England  or 
in  France.  It  goes  without  saying  that  the  Government  pays  a  high 
price  for  the  manufactured  article. 

RUSSIA. 

SOURCES  PBOM  WHICH  THE  ARMAMENT  OF  RUSSIA  IS  SUPPUBB. 

The  Government  of  Russia  has  been  an  extensive  purchaser  of  can- 
non from  Mr.  Ernpp,  at  Essen;  but,  after  adopting  the  Empp  gun  for 
its  armaments  it  proceeded  to  manufacture  on  that  system  for  its  own 
uses. 

The  course  pursued  to  produce  a  supply  from  home  manufacture  was 
that  of  joint  action  between  the  Government  and  a  private  firm.  The 
large  steel  works  of  Aboukhoff,  near  St.  Petersburg,  was  the  establish- 
ment with  which  the  Government  entered  into  partnership,  becoming 
the  owner  of  one  third  of  the  stock.  The  Government  is  represented  in 
the  board  of  directors,  the  works  are  in  the  hands  of  the  Minister  of 
Marine,  and  Admiral  Kolokoltzoff  is  the  chief  administrator  or  superin- 
tendent. At  the  commencement  of  the  joint  action  the  Gk)vernment 
contributed  largely  to  increase  the  plant  by  providing  tools  suitable  for 
its  work,  and  very  substantial  aid  has  been  provided  from  time  to  time. 

The  substance  of  this  statement  was  collected  from  parties  with  whom 
intercourse  was  held,  who  did  not,  in  distinct  words,  condemn  the  prac- 
tice under  which  the  Government  has  been  acting  since  it  commenced 
to  manufacture  its  own  guns,  but  tbey  evidently  held  the  idea  that  the 
condition  of  affairs  would  be  much  improved  if  the  Government  had 
absolute  control  of  the  works.  In  order  to  achieve  this  object  it  was 
understood  that  the  Government  is  soon  to  acquire  such  additional 
stock  as  will  make  it  owner  of  about  two- thirds  of  the  whole.  When 
this  shall  be  accomplished  it  is  thought  that  the  Government  will  be 
able  to  produce  its  guns  at  less  expense  than  is  now  incurred. 

It  was  freely  admitted  that  the  material  produced  under  this  system 
of  joint  action  has  been  at  great  cost,  but  the  Government  has  recon- 
ciled itself  by  the  conviction  that  the  product  was  of  first-class  quality 
and  better  than  could  be  procured  irom  other  sources  at  less  ex|>ense. 
The  ground  is  taken  that,  in  a  matter  so  important  as  armament,  high 
price  is  not  to  be  considered  an  obstacle  to  the  possession  of  the  best  guns 
that  can  be  produced,  and  the  authorities  believe  they  have  attained 
this  object  in  their  manufacture. 

This  experience  of  the  Russian  Government  in  its  joint  action  with 
the  Al>oukhoff  Steel  Works  bears  directly  upon  one  of  the  most  impor- 
tant points  that  the  Board  is  required  to  consider,  viz,  ''any  other 
method,"  apartrfrom  a  Government  foundry  pure  and  simple,  by  which 
cannon  can  be  provided ;  an<l  the  results  above  cited  demonstrate  that 
in  this  combination  in  Russia,  as  in  that  between  the  English  Govern- 
ment and  the  Els  wick  Ordnance  Company,  the  Government  must  always 
expect  to  bear  the  loss. 
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The  acquisition  of  additioDal  stock  may  give  tbe  Goveniment  sack 
control  in  tbe  direction  of  tbe  business  of  the  works  as  to  smooth  the 
way  to  its  possession  of  the  whole.  This  seems  to  be  the  natural  con- 
clusion of  the  process  now  in  operation,  and  its  consummation  would  be 
a  declaration  of  the  practical  failure  of  the  plan  inaugurated  at  the  com- 
mencement. The  experience  of  joint  action  between  the  Government 
and  a  private  firm  in  Russia  does  not  encourage  the  experiment  in  our 
own  country. 

Nearly  the  entire  production  of  steel  for  cannon  is  distributed  be- 
tween the  Aboukhoff  Steel  Works  and  the  Kama,  near  Perm  (in  the  Ural 
Mountains),  but  the  product  of  the  former  is  the  more  considerable. 
Among  others,  the  Iznoskof  and  Alexandroff  private  steel  works  (both 
near  St.  Petersburg)  manufacture  projectiles,  and  as  the  OoTcmment 
diminishes  its  contracts  abroad  they  will  develop  their  plants  to  meet 
the  demands  for  gun  material. 

THE  UNITED  STATES. 

SOUBOES  FROM  WHIOH  THE  ARMAMENT    OF  THE  UNITED    STATES  IS 

SUPPLIED. 

Previous  to  and  during  the  civil  war  the  armaments  of  the  United 
States  were  supplied  from — 

The  Gold  Spring  Foundry,  West  Point,  N.  Y. 

The  South  Boston  Iron  Works,  Boston,  Mass. 

The  Port  Pitt  Foundry,  Pittsburgh,  Pa. 

The  Seading  Iron  Works,  Beading,  Pa. 

The  Builders'  Iron  Foundry,  Providence,  B.  I. 

The  PhcBuix  Iron  Company,  Phoenixville,  Pa. 

Tbe  Ames  Manufacturing  Company,  Chicopee,  Mass. 

Since  the  termination  of  the  war  the  Fort  Pitt  Foundry  has  ceased 
to  exist.  The  South  Boston  Iron  Works  Company  has  manuflfictured 
a  few  experimental  guns,  and  with  the  West  Point  Foundry  has  executed 
some  small  orders  of  the  Government  in  the  conversion  of  cast-iron 
smoothbores  into  rifle  guns  by  inserting  and  rifling  a  coiled  wrought- 
iron  tube. 

None  of  the  companies  mentioned  above  have  ever  made  steel  guns, 
and  virtually  the  United  States  is  destitute  of  a  source  from  which  such 
an  armament  as  the  age  demands  can  be  supplied. 

GENERAL  SUMMARY. 

The  foregoing  presents  the  chief  points  of  information  that  have  been 
gained  by  the  investigations  of  the  Board. 

As  examples  of  a  practical  partnership  between  a  government  and  a 
private  company  in  working  towards  a  national  object  the  experiences 
in  England  and  in  Russia  are  very  instructive,  and  warn  against  the 
adoption  of  such  a  system.  In  England,  the  Government,  in  addition 
to  paying,  during  several  years,  very  high  prices  for  articles  delivered, 
was  forced  to  pay  £65,000  to  close  an  agreement ;  while  the  company, 
besides  the  profits  on  manufacture,  came  into  possession  of  a  Complete 
working  plant  at  a  mere  nominal  valuation. 

In  Russia  the  Government  finds  it^lf  involved  with  a  stock  com- 
pany, paying  excessive  priccH  for  what  it  receives,  and  discovers  no  way 
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of  relief  except  by  buying  up  shares  and  operating  the  establishmeDt  as 
a  Oovernmeot  foundry. 

As  an  example  of  depending  almost  entirely  on  private  works  Ger- 
many is  a  perfect  instance.  The  works  of  Mr.  E^nipp  are  practically 
the  sole  source  of  supply  of  the  German  artillery.  In  such  a  case  the 
Government  must  be  the  slave  of  the  corporation,  and  subject  to  its 
whims,  caprices,  and  conveniences.  It  needs  no  argument  to  show  the 
dependent  condition  of  the  Government  under  such  a  rule;  it  might 
prove  a  source  of  the  greatest  embarrassment.  The  Board  is  well  in- 
formed that  some  ten  or  eleven  years  ago  the  artillery  officers  were  very 
restive  under  this  load,  and  were  making  strenuous  efforts  to  be  relieved 
from  it,  but  without  success.  It  is  hardly  to  be  supposed  that  time  has 
quieted  the  feeling  of  dissatisfaction. 

As  an  example  of  depending  alone  on  Government  works  France  was 
a  perfect  instance  before  the  Franco-German  war.  During  the  period  re- 
ferred to  the  Govemn)ent  foundries  were  the  sole  source  of  supply  of  the 
armament  of  the  country ;  the  officers  charged  with  the  work  formed  aclose 
corporation;  theiraction  was  never  expos^  to  the  public;  their  ideas  were 
never  subjected  to  criticism;  the  ingenuity  and  inventive  talent  of  the 
country  were  ignored  and  resisted,  and  no  precaution  was  thought  nec- 
essary to  provide  a  supply  in  case  of  need  of  re-armament.  The  result 
is  well  known;  a  great  crisis  came;  the  Government  works  were  inad- 
equate to  meet  the  additional  demands  made  upon  them,  and  the  patri- 
otic efforts  of  private  establishments  were  inadequate  to  produce  all  the 
material  that  was  needed.  How  entirely  France  has  now  altered  her  sys- 
tem is  shown  in  a  previous  part  of  this  report;  her  present  practice  is 
theoretically  perfect,  and  it  bas  proved  to  be  practically  efficient.  Her 
Governmentostablishmentsarestill  retained,  hfit  as  gnu  factories  Bimpljj 
in  which  the  parts  are  machined  and  assembled,  but  for  foundry  work 
she  depends  upon  the  private  industries  of  the  country,  and  many  of 
these  works  have  found  it  to  their  profit  to  establish  gun  fiictories  which 
supplement  the  Government  factories  to  a  great  extent 

The  conclusions  of  the  Board  on  this  subject  accord  with  the  plain 
teachings  of  these  historical  instances.  It  accepts  the  system  now  pur- 
sued in  France  as  the  proper  standard  for  imitation,  and  recommends 
that  in  inaugurating  the  manufa^.'ture  of  war  material  in  our  own  coun- 
try a  conformity  as  close  as  circumstances  will  admit  to  the  plans  which 
have  proved  so  successful  in  France  should  be  observed. 

Having  reached  this  couclusion,  the  Board  is  now  prepared  to  dispose 
of  the  propositions  into  which,  as  stated  on  the  seventh  page  of  this 
report,  the  second  interrogatory  in  the  act  of  Congress  was  divided. 

The  first  proposition  was  thus  presented,  viz: 

That  the  Govenmient  sboald  sopplemeDt  the  plants  of  aouxe  of  the  steel  workers  of 
the  oonntry  with  such  additional  tools  and  implements  as  wonld  enable  them  to  tarn 
ont  finished  steel  cannon. 

The  adoption  of  this  proposition  would  involve  the  Government  in 
the  embarrassments  which  now  exist  in  Bussia,  and  which  we  have 
seen  were  so  costly  to  the  English  Government  in  its  partnership  with 
the  Elswick  Ordnance  Company. 

The  Board  does  not  approve  of  such  joint  action. 

The  second  proposition  was  thus  presented,  viz: 

That  the  Government  shonld  give  contracts  of  sufficient  magnitude  to  enable  the 
steel  workers  of  the  country  to  supply  the  finished  guns  without  its  direct  aid. 

This  proposition,  if  adopted  without  any  qualification,  would  make 
the  Government  dependent  entirely  ujmn  the  private  industries  of  the 
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country,  which  mi^ht  combine  to  the  detriment  of  the  public  service. 
The  Government  would  have  no  guard  against  extortion  and  would  be 
powerless  against  a  combination.  An  actual  instance  of  such  a  combi- 
nation is  Cited  in  a  previous  iK)rtion  of  this  report  as  having  taken  place 
in  France,  but  the  independent  position  of  the  Government  made  the 
effort  futile. 

The  Board  does  not  approve  of  this  proposition  taken  by  itself 

The  third  proposition  was  thus  presented,  viz: 

That  the  Government  shoald  establish  on  its  own  territory  a  plant  for  the  fabrica- 
tion of  cannon,  and  shonld  contract  with  private  parties  to  snch  amounts  as  would 
onable  tliem  to  supply  from  the  private  industries  of  the  country  the  forged  and  tem- 
pered material. 

This  proposition  is  approved  by  the  Board  and  is  refrarded  as  the 
foundation  upon  which  our  system  of  manufacture  should  be  built  up. 
If  this  be  done,  and  the  Government  made  secure  by  the  possession  of 
works  of  its  own,  there  is  every  reason  to  adopt  in  addition  the  idea 
embodied  in  the  second  proposition  in  order  to  supplement  the  Govern- 
ment establishments. 

A  state,  with  any  pretensions  to  military  power,  should  provide  itself 
with  factory  facilities  on  a  sufficient  scale  to  perform  the  work  of  estab- 
lisliing  standards,  making  experimental  guns,  and  fabricating  cannon 
on  a  moderate  scale;  but  it  is  not  considered  judicious  to  concentrate 
in  the  Government  establishments  all  the  work  of  fabrication  or  to  in- 
clude within  their  operations  the  preparation  of  such  material  as  can 
be  provided  by  the  private  industries  of  the  country.  In  the  case  under 
consideration  the  purchase  of  the  steel  required  for  cannon  will  stimu- 
late our  own  manufacturers  and  interest  them  in  the  operations  of  the 
Government. 

The  Board  is  thus  led  to  the  conclusion  that  it  is  not  advisable  to 
embark  in  the  establishment  of  a  gun  foundry^  properly  so  called,  but 
that  it  is  more  judicious  to  establish  gnn  factories^  and  to  purchase  the 
material  from  our  manufacturers.  ^ 

At  present  the  steel  manufacturers  of  our  country  are  not  prepared 
to  produce  the  material  required  for  the  larger  calibers,  and  the  im- 
portant question  arises,  what  means  shall  be  adopted  to  induce  them 
to  study  the  subject  and  embark  in  the  manufacture  on  a  large  scale. 
They  cannot  be  expected  to  do  this  at  a  sacrifice  of  their  own  interests. 
This  object  can  only  be  achieved  by  holding  out  a  fair  prospect  of  ulti- 
mate remuneration  for  the  expenditures  necessary  to  undertake  the 
work,  and  this  cfin  only  be  done  by  the  action  of  Congress. 

It  may  be  added  that  although  the  manufacture  of  armor  plates  for 
ships  and  fortifications  was  not  referred  to  this  Board  for  investigation, 
the  erection  of  plant  for  providing  modem  cannon  would  go  far  towards 
reducing  the  outlay  requisite  to  enable  our  great  steel  manufacturers  to 
meet  another  pressing  want  of  the  Government. 

The  chief  expense  to  be  considered  by  ])rivate  parties  is  that  of  the 
forge^  but  by  the  substitution  of  the  hydraulic  press  for  the  hammer 
economy  will  be  consulted  and  better  results  obtained.  The  Board  is 
unanimous  in  approving  the  use  of  the  press  for  all  forging  purposes ; 
and  recommends  it  to  all  who  may  embark  in  the  manufacture  of  gun 
metal  for  the  Government. 

In  conclusion  the  Board  submits  its  replies  to  the  three  interrogatories 
contained  in  the  act  of  Congress: 

(1)  Which  of  the  navy-yards  or  arseuals  owned  by  the  Government  has  the  best 
location,  and  is  best  adapted  for  the  establishment  of  a  Government  foundry  f 
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Tbe  Board  does  uot  recommend  the  establishment  of  a  Governmenl 
foundry,  properly  so  called,  i^hich  shall  provide  for  the  manafactare  of 
steel  and  the  fabrication  of  cannon.  It  considers  that  every  induce- 
ment should  be  offereil  to  attract  the  private  industries  of  the  country 
to  the  aid  of  the  Government  in  providing  ordnance  for  the  Army  and 
Navy,  and  that  the  steel  manufacturers  should  be  called  upon  to  provide 
the  material. 

The  Board  recommends  the  establishment  of  two  gun  fetctories  under 
the  control  of  the  Government,  and  selects  the — 

Watervliet  Arsenal^  West  2Voy,  N.  F.,  as  the  site  far  the  Army^  and  the 

Washington  navy-yard^  District  of  Columbia^  as  the  site  for  the  Navy. 

The  Board  is  unanimous  in  recommending  that  the  Army  and  the 
Navy  should  be  provided  with  separate  establishments.  This  has  al- 
ways been  the  custom  in  France,  producing  good  results ;  the  reverse 
has  been  the  practice  in  England,  producing  bad  results.  Dissatisfac- 
tion from  this  cause  has  existed  for  many  years  in  the  English  Navy, 
and  the  Admiralty  has  recently  brought  about  a  revolution  in  the  system 
so  far  as  the  supply  of  gun-caniages  is  concerned,  by  obtaining  from 
Parliament  a  separate  and  distinct  appropriation  with  which  it  is  pro- 
viding the  English  Navy  with  the  Vavasseur  gun-carriage  in  opposition 
to  the  will  of  Woolwich. 

In  the  administration  of  the  War  and  Navy  Departments  of  the  United 
States,  each  serviC/C  has  charge  and  direction  of  its  own  distinct  system 
of  artillery ;  hence  if  but  one  gun  factory  be  provided,  its  control  must 
be  placed  in  the  hands  of  a  mixed  commission.  This  must  lead  to  con- 
flict of  authority  and  to  embarrassments  of  all  kinds,  in  which  the  heads 
of  Departments  must  necessarily  become  involved.  A  close  scrutiny  of 
the  practical  difficulties  that  would  arise  in  conducting  the  affairs  of  a 
gun  factory  in  such  mixed  interests  develops  obstacles  that  would  be 
insuperable  even  with  the  most  harmonious  intent. 

In  the  selectiou  of  the  sites  mentioned,  it  is  not  intended  to  convey 
the  idea  that  they  are  regarded  as  in  every  way  adapted  for  the  i>ur- 
pose,  but,  as  the  scope  for  choice  is  limited^  they  are  considered  the  most 
advantageous.  The  Board  does  not  recommend  the  purchase  of  new 
sites,  as  this  would  open  so  wide  a  field  for  selection  as  to  embarrass  the 
question  by  arousing  local  interests  throughout  the  country. 

(2)  What  other  method,  if  any  (apart  from  the  establishment  of  a  Qovemmeut 
foandry ),  should  be  adopted  for  the  manufacture  of  heavy  ordnance  adapted  to  modern 
warfare,  for  the  use  of  the  Army  and  Navy  of  the  United  Sta-tes  ? 

With  Oovernmeut  gm\  factories  established  for  both  the  Army  and  the 
Navy,  there  will  be  still  needed  the  hearty  co-operation  of  the  private 
industries  of  the  country.  This  cannot  be  aroused  unless  there  is  held 
out  to  them  a  fair  prospect  of  remuneration.  The  Board  does  not  ap- 
prove of  a  partnership  in  business  between  the  Government  and  private 
firms.  All  history  warns  against  such  a  course.  But  it  does  believe  that 
joint,  and  at  the  same  time  independent,  action  between  them  can  be 
made  to  work  harmoniously  towards  the  common  national  purpose.  This 
can  only  be  done  by  a  permanent  and  liberal  appropriation  by  Congress 
for  the  specific  purpose  of  providing  the  country  with  modern  artillery; 
which  appropriation  shall  be  a  guarantee  against  loss  to  the  companies 
who  elect  to  undertake  the  work. 

(3)  The  cost  of  all  buildiugM,  tools,  and  implemeuts,  necessary  to  be  used  in  the 
manufacture  thereof,  iucludiD^  tho  rost  uf  a  steam  hammer  or  apparatus  of  sufficient 
size  for  the  manufacture  of  the  heaviest  gunsf 

In  reply  to  this  question  the  Board  presents  an  abstract  of  th^  infor- 
mation already  given,  arranged  in  a  convenient  form  for  reference. 
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Approximate  cost  of  plant  for  prodacing  the  tempered  parts  of  guns 
ap  to  100  tons,  ready  for  delivery  at  gan  factory: 

Casting $250,000 

Forginff  (hydraulic  press) 150,000 

9oagh  boring  and  turning 210,000 

Tempering 50,000 

Total...-. 660,000 

Additional  cost  if  liquid  compression  be  adopted 175, 000 

Approximate  cost  of  plant  for  gun  factories : 

Guns  up  to6-inob  caliber 50,000 

Guns  from  6-incb  to  12-incb  caliber 1 50, 000 

Guns  from  12-inch  to  16-inch  caliber 350, 000 

Buildings  and  shrinking-pit 350,000 

Total 900,000 

Thoagh  the  act  of  Congress  replied  to  in  the  above  report  18  one  of 
inquiry^  the  Board  desires  to  emphasize  the  necessity  of  a  proper  en- 
couragement to  the  private  steel  manufacturers,  which  shall  Insure  the 
supply  of  gun  material  without  loss  to  the  Government  or  private  com- 
panies; and  is  of  opinion  if  Congress  shall  be  pleased  to  appropriate  an 
adequate  sum  for  providing  m^ern  artillery  for  the  Army  and  Kavy, 
to  be  held  in  the  Treasury  to  be  expended  under  the  authority  of  the 
President,  that  (witti  such  a  prospect  of  remuneration)  there  are  steel 
manufactitrers  in  the  United  States  who  will  undertake  the  production 
of  gun-metal  on  a  large  scale,  on  the  sole  condition  that  their  steel  shall 
meet  the  required  tests. 

The  flEtcts  that  the  United  States  is  destitute  of  the  means  of  fabri- 
cating the  modem  guns  so  urgently  needed  for  national  defense,  and 
that  at  least  three  years  will  be  required  to  complete  the  tools,  construct 
the  shops  and  establish  the  plant,  would  seem  to  demand  an  immediate 
appropriation  of  the  amount  ($1,800,000)  estimated  for  the  establish- 
ment of  the  proposed  gun  factories. 


SUPPLEMENTARY  REPORT  OF  THE  OUN  FOUNDRY  BOARD. 

The  Gun  Foundry  Board,  reconvened  by  order  of  the  Secretary  of 
War,  May  7, 1884,  and  the  Secretary  of  the  Navy,  April  29, 1884,  was 
directed : 

1.  To  prepare  plans  and  estimates  for  the  preparation  and  purchase, 
both  for  the  Army  and  the  Kavy,  of  plants  for  gun  factories  to  com- 
plete guns  from  6-inch  caliber  to  16-inch  caliber,  including  buildings 
and  shrinking-pit,  and  to  report  the  full  and  detailed  estimates  for  the 
cost  of  the  work  aforesaid. 

2.  To  state  whether  the  same  can  be  better  and  more  economically 
I)erformed  in  establishments  owned  by  the  Government,  or  by  private 
contract,  or  by  a  combined  system  whereby  the  said  work  can  be  ac- 
complished partly  by  the  Government  and  partly  by  private  contract. 

3.  To  make  specific  recommendations  as  to  the  best  method  of  pro- 
curing steel  for  guns,  and  to  indicate  in  what  manner  appropriations  can 
most  advantageously  be  made. 

In  accordance  with  its  orders  the  Board  met  in  Washington,  D.  C, 
May  15, 1884,  and  after  due  consideration  appointed  two  committees, 
one  composed  of  the  army,  the  other  of  the  naval  members  of  the  Board, 
^53  OB 9 
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to  prepare  plans  and  estimates  for  gan  factories  for  their  respeottve 
services,  and  addressed  a  circalar  letter  to  tbe  steel  manufactarers  of 
the  United  States,  in  order  to  procnre  opinions,  based  upon  practical 
and  business  considerations,  as  to  the  best  method  of  obtaining  the  re- 
quired supply. 

The  Board  has  met  with  great  difSculty  in  obtaining  the  desired  in- 
formation. No  satisfactory  replies  having  been  received  .to  its  circular 
letter,  the  Board  requested  the  assistance  of  Mr.  James  M.  Swank,  sec- 
.  retary  of  the  American  Iron  and  Steel  Association,  and  by  his  efforts 
and  interest  a  meeting  was  effected  with  leading  representatives  of 
steel  manufacture,  which  has  enabled  the  Board  to  indicate  the  terms 
on  which  the  manufacture  of  steel  for  guns  of  large  caliber  may  be  in- 
augurated in  tbe  United  States. 

In  conclusion  the  Board  has  to  report: 
.   1.  The  total  cost  of  each  gun  factory  will  be  about  $1,000,000. 

The  Army  Committee  has  restricted  its  estimate  to  the  special  tools 
for  gun  construction  and  to  the  erection  of  buildings,  as  indicated  iu  the 
previous  report  of  the  Board,  omitting  such  details  as  locomotives,  ears, 
railway  tracks,  pipes  for  the  transmission  of  power,  crane  tracks,  boilers, 
engines,  &c. 

The  estimate  of  the  Naval  Committee  includes  these  auxiliaries,  with 
the  exception  of  locomotives  and  cars,  which  swell  the  estimate  accord- 
ingly. The  buildings  proposed  by  the  two  committees  differ  in  form 
and  arrangement,  as  might  be  expected,  for  quite  different  sites  and 
local  conditions.  A  careful  study  of.  the  two  projects  has  convinced 
the  Board  that  when  the  estimates  are  reduced  to  the  same  standard 
there  will  be  no  essential  difference  between  them. 

The  estimates  for  the  tools  included  in  the  above  establishments  are 
based  upon  the  prices  of  such  standard  articles  abroad,  the  Board  not 
having  been  able  to  obtain  satisfactory  estimates  for  similar  tools  in 
this  country. 

2.  The  question  whether  the  fabrication  can  be  better  and  more  eco- 
nomically performed  in  Oovernment  establishments,  or  by  private  con- 
tract, or  by  a  combined  system,  has  been  carefully  considered,  and  the 
Board  has  been  unable  to  discover  any  reason  to  modify  the  unanimous 
opinion  expressed  in  its  report  of  February  16, 1884,  "that  it  is  more 
judicious  to  establish  g^n  factories:^  that  there  should  be  "two  gua 
factories  under  the  control  of  the  Government,"  and  "that  the  Army 
and  Navy  should  be  provided  with  separate  establishments." 

3.  The  Board  repeats  its  unanimous  opinion  "that  the  steel  manu- 
facturers should  be  called  upon  to  provide  the  material,"  and  recom- 
mends— 

L  An  appropriation  of  not  less  than  $15,000,000,  one-half  for  the 
Army  and  one  half  for  the  Navy,  to  remain  available  until  expended; 
provided,  however,  that  none  of  the  money  so  appropriated  shall  be  ex- 
pended except  in  payment  for  steel  accepted  and  delivered. 

n.  Proposals  to  be  issued  by  the  War  and  Navy  Departments  for 
bids  for  the  supply  of  the  steel  required  by  each,  rough-bored,  rough- 
turned,  tempered,  and  conforming  to  specifications.  Said  proposals 
shall  divide  the  steel  required  into  two  lots.  Each  lot  shall  include  all  the 
parts  for  onel)|ilf  of  the  number  of  guns  of  each  caliber.  Each  bid  must 
include  all  of  a  lot  or  lots.  Each  bidder  shall  agree  to  deliver  yearly  a 
specified  quantity  of  each  caliber,  the  time  of  delivery  of  the  smaller  cali- 
bers to  commence  at  the  expiration  of  not  more  than  eighteen  months, 
and  that  of  the  largest  calibers  at  the  expiration  of  not  more  than  three 
years  from  the  date  of  acceptance  of  the  contract.  Each  bidder  shall 
specify  the  price  of  the  parts  for  each  of  the  several  calibers.    This  price 
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nM^  be  modified  by  the  Government  in  eqnity,  aooordlng  to  tbe  coimt 
rates  of  labor  and  material. 

UI.  Bids,  to  be  considered,  mnst  be  made  by  responsible  parties, 
each  of  which  shall  certify  and  guarantee  to  erect  in  the  United  States 
a  suitable  plant  capable  of  making  all  the  steel  required,  and  of  finish- 
ing it,  in  accordance  with  the  contract. 

From  personal  intercourse  with  prominent  steel  makers  in  the  United 
States,  the  Board  is  in  a  position  to  assert  that  proposals  issued  on  the 
above  basis  will  be  responded  to,  but  that  it  will  be  necessary  to  appro- 
priate the  entire  amount  recommended  in  order  to  induce  responsible 
steel  manufacturers  to  erect  and  complete  the  plants  to  produce  the 
steel  for  the  guns  needed  for  the  national  defense. 

The  above  proposition  contains  only  such  a  guarantee  as  would  be 
required  by  business  men  embarking  in  a  new  and  expensive  undertak- 
ing. 

If  Congress  shall  conclude  to  adopt  measures  for  procuring  the  sup- 
ply of  guns  required,  it  is  essential  that  its  attention  should  be  called 
to  the  absolute  necessity  of  appropriating  at  the  same  time  tbe  $2,000,000 
needed  for  the  factories  in  which  the  guns  are  to  be  fabricated. 

As  it  will  require  at  least  two  years  to  erect  and  equip  the  factories, 
and  many  causes  of  delay  may  arise,  the  appropriations  for  them  should 
be  made  at  the  earliest  moment,  that  as  much  time  as  possible  may  be 
allowed  to  perfect  the  arrangements. 

It  is  appropriate  to  mention  here  that  the  annual  expenses  for  operat- 
ing the  factories  must  be  determined  by  the  number  of  tools  in  use  and 
the  quantity  of  material  fabricated,  and  be  estimated  for  from  time  to 
time  by  the  Departments.  'With  this  exception,  the  total  estimate  of 
$17,000,000  will  complete  the  steel-producing  plant,  establish  and  equip 
the  steel  gun  factories,  supply  the  guns  for  six  and  one  half  years,  and 
inaugurate  the  manufacture  of  steel  in  large  masses  in  the  United 
States. 

E.  SIMPSOK, 
Bear'Admiralj  U.  8.  -BTatw, 

President  of  the  Board. 
E.  O.  MATTHEWS, 

Captain^  U.  8.  Navy, 
T.  G.  BAYLOR, 
Colonel  of  Ordnance,  U,  8.  Army. 
HENRY  L.  ABBOT, 
Lieutenant' Colonel  of  Engineers, 
Brevet  Brigadier- General,  U.  8.  Army. 
SAMUEL  S.  ELDER, 
Major,  8econd  Artillery,  U.  8.  Army. 
W.  H.  JAQUES; 
Lieutenant,  U.  8.  Navy, 
Member  and  8ecretary  of  the  Board. 
Washinoton,  D.  C,  December  20,  1884. 


EXTRACT  FROM  THB  RBPOBT  OF  THE  NAVAL  COMMITTEE  OF  THE  G  UN 

FOUNDRY  BOARD. 

The  committee  has  made  every  effort  to  obtain  information  as  to  the 
ability  of  our  home  industries  to  produce  gun  tools,  and  confirms  the 
Statement  of  the  Board,  page  8  of  its  report,-February  16, 1884,  that  ^^  qq 
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tools  or  implements"  for  the  &brication  of  sach  guns — the  ^^heaviest^ — 
as  the  act  of  Congress  called  for  ^'have  been  mann&ctored  or  are  in  nse 
in  the  United  States." 

While  onr  own  tool-makers  signify,  in  general  terms^  their  ability  to 
make  gan  tools  of  any  size  and  power,  the  foremost  of  them  admit  that 
mnch  time  will  be  required  for  the  preparation  of  designs  and  patterns 
before  they  can  produce  tools  equal  in  power,  speed,  and  adaptability 
to  those  recommended  by  the  Board. 

It  is  evident,  therefore,  that  if  it  is  desired  to  provide  the  factory 
with  tools  within  a  reasonable  time,  at  a  reasonable  cost,  and  with  a 
certainty  that  they  will  be  able  to  perform  all  the  work  that  may  be 
required  of  them,  with  a  rapidity  capable  of  producing  the  maximum 
results,  this  work  must  be  inaugurated  with  tools  of  well-established 
reputation.  In  this  connection  it  should  be  borne  in  mind  there  are  but 
few  firms  in  Europe  who  have  reached  a  position  of  excellence  in  this 
specialty,  and  this  has  only  been  achieved  after  many  years  of  experi- 
ence and  competition. 

E.  SIMPSON, 
Bear-Admiral^  United  States  Navy^ 

Chairmaat  of  Committee. 
E.  O.  MATTHEWS, 
CaptainjUnited  States  Navy, 
W.  H.  JAQUES, 
Lieutenanty  United  States  Navy. 


BZTRAOTS  FBOM  THE  BEPOST  OF  COMHOBSIOV  OH  VAVT-TABDS, 

BEOEHBEB  1,  1883. 

MABE  ISLAND  NAYY-YASD,  0AL£POBKIA« 
CONDITION  OF  PLANT. 

Although  neither  in  magnitude  or  completeness  in  correspondence 
with  the  relative  importance  which,  from  its  geographical  position,  this 
yard  assumes  among  the  naval  stations  of  the  country,  its  mechanical 
departments  are  in  fair  working  condition,  and  ftdly  equal  to  the  eco- 
nomical construction  of  wooden  hulls,  marine  machinery  of  any  size, 
the  equipment  and  outfitting  of  the  largest  war  vessels,  excepting, 
of  course,  the  specialties  of  manufEtcture  not  ordinarily  made  in  such 
establishments. 

Yards  and  docks. — ^There  is  a  wooden  floating  dock,  very  much  de- 
cayed, which  is  still  in  use,  but  near  its  end.  A  substantial  stone  dry- 
dock  of  large  dimensions  is  in  course  of  construction,  and  well  advanced 
towards  completion.  When  finished  it  will  largely  increase  the  facili- 
ties for  repairs.  There  are  no  special  means  for  the  easy  transporta- 
tion of  heavy  weights,  a  source  of  inconvenience  at  all  times,  but,  for 
obvious  reasons,  more  serious  during  the  rainy  season.  In  other  re- 
spects the  plant  of  this  department  is  in  &ir  condition. 

Oonstruotian. — Has  its  shops  conveniently  located,  and  they  contain 
efficient  machinery  and  appurtenances  for  all  the  work  peculiar  to  such 
a  department  on  wooden  huUs  and  their  accessories.  It  has  neither 
tools  nor  appliances  for  the  construction  of  hulls  of  metal. 

8team  engineering. — The  shops  of  this  department  are  quite  sufficient 
for  any  work  likely  to  be  required  of  them  for  some  time  to  come.  They 
are,  however,  most  unfavorably  located,  being  at  one  extreme  edge  of 
the  improved  portion  of  the  yard,  half  a  mile  from  the  basin  of  the  fioat- 
ing-dock,  new  dry-dock,  and  wharf  shears  for  lifting  heavy  weights. 
The  disadvantages  of  such  a  location  are  obvious.  Some  of  the  machine 
tools  that  have  been  sent  here  from  other  yards,  where  they  formed 
part  of  the  plant,  are  old  and  obsolete.  The  boiler  shop  is  small,  and 
therefore  inconvenient.  Additional  tools  of  great  capacity  are  en  route 
for  tills  shop,  which  will  add  largely  to  its  resources. 

Ordnance. — Has  all  the  plant  it  needs  unless  an  arsenal  should  be 
established  on  the  Pacific  coast. 

P0BTSM0T7TH  NAVY- YARD,  NBW  HAMPSHIRE. 
CONDITION  OF  PLANT. 

Yards  and  docks. — The  floating-dock  of  this  department  is  of  sufficient 
capacity  to  lift  and  haul  out  the  frigates  of  the  Minnesota  class.  The 
dock  and  ways  are  in  fair  condition,  but  the  caisson  is  worn  out.  In 
other  resi>ects  this  department,  as  to  plant,  is  in  good  condition. 

Construction.^ILaa  all  appliances  and  facilities  for  the  building  of  a 
wooden  hull  of  the  first  class,  and  supplying  the  outfits  usual  in  this 
department.    For  ship-construction  in  metal  its  plant  is  incomplete. 

Steam  engineering.— The  several  shops  of  this  department,  with  the 
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exception  of  the  fonndiy,  are  in  a  state  of  readiness  to  oommenoe  the 
building  of  a  marine  engine  and  boilers,  of  large  size.  Its  store-houses 
are  widely  separated,  and  remote  from  the  shops. 

Ordnance. — Has  a  shop  and  tools  in  much  larger  quantity  than  it  has 
been  called  on  to  nse  for  many  years. 

BOSTON  NAYYYAIEUO,  MAS&AOHUSBTTS. 

COMDinON  OF  PIAlfT. 

Generally  very  complete  for  the  class  of  work  it  has  hitherto  been 
employed  on. 

Yards  and  docks. — ^The  stone  dry-dock  is  the  longest  of  the  three  on 
the  Atlantic  coast.  It  can  take  in  the  largest  ship  proposed  by  the 
Naval  Advisory  Board.  Its  boilers  are  old  and  in  bad  condition ;  its 
pumps  of  small  capacity  and  antique  type.  Otherwise  this  department 
is  in  good  condition  for  its  work. 

Oanstruction. — ^This  department  is  in  excellent  condition  for  the  build- 
ing and  repairing  of  wooden  hulls  of  the  largest  class,  and  all  their 
outfits.    For  hull  construction  in  metal  it  has  a  small  supply  of  plant. 

Steam  engineering. — ^Engines  and  boilers  of  the  largest  class  can  be 
built  promptly  in  the  shops  of  this  departments  Its  large  machine 
tools  are  superior  to  those  of  their  kind  found  in  any  other  yard.  Many 
of  the  smaller  ones  are  much  worn,  or  are  of  obsolete  design.  The 
minor  shops  are  in  good  working  order. 

Ordnance. — Has  a  full  supply  of  tools  and  mechanical  appliances  for 
its  purposes,  in  good  condition.  Its  store-house,  magazine,  gun  and 
shot  park  capacity  is  sufficient. 

THE  NATAL  STATION  NEAB  NEW  LONDON,  OONNEOTIOUT. 

It  has  no  plant. 

NEW  YORK  NAVY- YARD. 

CONDITION  OF  PLANT. 

Yards  and  docks. — ^This  department  is  deficient  in  docking  facilities, 
one  of  the  very  first  requisites  of  a  first-class  yard.  There  should  be  at 
least  two  more  dry -docks,  and  as  large  a  wet  basin  as  can  be  constructed 
within  the  limits  of  the  Government  property.  The  dry-dock  is  much 
out  of  repair  and  needs  immediate  attention.  The  department  is  defi- 
cient in  storage  accommodations  for  tools  and  materials,  and  many 
buildings  are  in  need  of  repairs. 

Steam  engineering. — Excellent,  with  exception  of  boiler-shop,  which  is 
altogether  inadequate. 

Construction. — In  fair  condition  for  the  building  and  repairing  of 
wooden  ships.  For  the  construction  of  hulls  in  metal  there  is  a  fair 
supply  of  tools  and  appliances. 

Ordnance. — Good,  having  a  considerable  amount  of  machinery. 

LBAaUE  ISLAND  NAVY-YABD,  PENNSYLVANIA.     ' 

CONDITION  OF  PLANT. 

Very  incomplete  generally. 

Yards  and  docks. — Has  the  facilities  necessary  for  the  present  work, 
but  has  no  dry-dock. 

CoTistruction.—This  department,  though  well  supplied  with  ma- 
chinery and  tools  requisite  for  the  construction  of  wooden  hulls,  is  nev- 
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eriheless  unable  to  build  one,  as  no  fonndations  on  whidh  to  set  np  the 
frames  have  been  prepared.  As  there  is  no  dry-dock,  the  repairs  to 
hulls  at  this  yard  are  confined  to  the  upper  works,  spars,  and  outfits. 
It  has  a  small  plant  for  iron-ship  building,  an^coqld  doubtless  make  re- 
pairs to  the  upper  works  and  interior  of  an  iron  hull.  Connected  with 
the  iron-plating  shop,  it  has  a  small  machine-shop,  containing  light  ma- 
chine tools,  and  its  smithery  is  equal  to  the  demands  made  upon  it. 

Steam  engifieering. -^Thls  department  has  an  outfit  of  excellent  tools 
in  the  machine-shop.  The  shop  room  is  limited  in  area,  but  an  engine 
of  moderate  size  could  be  built  and  set  up  there.  For  new  boiler  work 
the  facilities  are  very  deficient;  there  are  but  few  power  tools  for  this 
daiss  of  constructions.  The  foundry  is  capable  of  producing  castings 
in  iron  up  to  5  or  6  tons  weight. 

Ordnano0.— Has  storehouses  only;  no  plant,  shops,  or  machinery. 

WASmNOTON  KAYY-YASD,  DISTBIOT  OF  00LX7MBIA. 
COMDITIOK  OV  PLAHT. 

Yards  and  docks. — Has  all  the  equipment  and  appliances  fof  its  own 
work.    Has  no  dry-dock. 

Construction. — ^This  department  has  conveniences  for  building  wooden 
hulls  of  any  size.  The  marine  railway  being  of  small  capacity  and  power, 
and  there  being  no  dry-dock  at  this  yard,  the  repair  of  large  vessels  is 
restricted  to  their  upper  works.  It  has  a  fine  rolling  mill  for  the  manu- 
facture of  sheathgag  copper,  and  machines  for  the  manufacture  of  sheath- 
ing nails  and  copper  tacks,  all  in  good  condition.  Its  minor  shops  are 
in  fair  condition  and  ready  for  the  performance  of  their  special  work. 

Steam  engineering, — Has  full  plant  in  excellent  condition  for  the  bmld- 
ingot  marine  engines  and  boilers  of  the  largest  class. 

Ilquipment — ^The  most  important  shops  of  this  Bureau  are  found  at 
this  yard.  They  contain  all  the  appliances  for  converting  scrap  iron  or 
blooms  into  anchors  of  the  largest  size,  and  miscellaneous  forgings  of 
large  dimensions.  There  is  also  a  full  and  complete  set  of  machinery 
for  making  the  heaviest  chain  cables  used  in  the  service,  and  for  testing 
them.  A  shop  for  the  manufacture  of  ship's  galleys,  which  is  in  good 
working  order,  is  connected  with  this  department. 

Ordnance. — The  larger  part  of  the  mechanical  work  of  this  Bureau  is 
I>erformed  in  the  onluance  shops  of  this  yard.  The  machine-shop  and 
foundry  are  amply  supplied  with  facilities  in  good  condition.  There  is 
a  large  foandry  for  the  casting  of  iron  ordnance,  which,  however,  has  been 
but  little  used.  In  the  laboratory  are  made  all  the  fuses  ana  primers 
used  in  the  Navy,  as  well  as  all  pyrotechnic  work,  such  as  rockets,  night 
signals,  &c. 

NORFOLK  NAYY-YASD,  VXBGIinA. 
COKDrnON  OF  PLANT. 

Generally  good. 

Yards  and  docks. — The  extreme  length  of  the  dry -dock  is  300  feet;  it 
will  not,  therefore,  take  a  ship  of  the  Chicago  class,  the  second  in  size 
of  those  laid  down  by  the  Naval  Advisory  Board.  In  other  respects 
the  plant  of  the  department  is  in  good  condition. 

Construction. — Is  in  good  condition  for  the  building  of  wooden  hulls 
and  their  outfits  of  the  largest  size,  though  additional  building-slips 
are  needed.    For  iron-ship  building  it  has  not  a  sufficiency  of  plant. 

Steam  engineering.^Has  plant  and  facilities  for  the  construction  oi 
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marine  engines  and  boilers  of  the  largest  class.    Generally  its  minor 
shops  are  in  good  condition,  and,  excepting  a  copper  shop,  sufficient  for 
its  needs. 
Ordnance. — Has  no  mackine  tools. 

FENSAOOLA  NAVY-YARD,  FLORIDA. 
COMBinOK  OV  PLANT. 

Yards  and  docks. — ^The  chief  deficiency  in  the  yard  is  the  want  of  any 
means  of  docking  vessels.  The  wooden  balance-dock  that  once  formed 
part  of  theplantof  theyardwasdestroyeddnringthelatewar.  Thestone 
basin  within  which  this  dock  floated  when  in  use  still  remains  in  good 
condition,  and  it  is  proposed  to  ase  it  for  a  like  purpose  with  an  iron  sec- 
tional dock,  four  sections  of  which  have  been  made  and  sent  to  the  yard. 
Nothing  has  been  done  towards  preparing  these  sections  for  nse  since 
their  arrival  at  the  yard,  and  if  so  prepaid  they  would  be  of  but  little 
value,  as  their  combined  lifting  power  is  but  1,400  tons,  sufficient  only 
to  raise  the  smaller  of  the  third-class  vessels  of  the  Kavy.  For  its  own 
purposes  this  department  has  sufficient  plant. 

Construction. — ^A  ship's  hull  and  outfits  of  wood  can  be  built  in  this 
department,  which  possesses  all  the  facilities  in  plant  and  machinery 
for  so  doing.  For  the  construction  of  hulls  in  metal  there  are  no  ap- 
pliances whatever. 

Steam  engineering. — This  department  is  of  limited  capacity  and  un- 
equal to  the  production  of  work  above  medium  size.  For  such  repairs 
as  ships  during  their  cruises  ordinarily  require,  it-s  facilities  and  i)ossi- 
bilities  are  ample  and  sufficient. 

None  of  the  other  departments  have  any  plant. 


KEY  WEST  NAVAL  STATION,  FLORIDA. 

There  are  no  docking  facilities  here  for  ships  of  war.  The  mechan- 
ical department  includes  shops  and  appliances  sufficient  to  make  all 
ordinary  repairs  to  the  machinery,  and  outfits  of  cruising  vessels.  The 
heavier  parts  of  a  marine  engine  could  neither  be  produced  or  handled 
within  it,  as  its  tools  and  apparatus  are  of  limited  dimension  and 
capacity. 

SAOKBTT'S  HARBOR,  NEW  YORK,  NAVAL  STATION. 

The  situation  at  Sackett^s  Harbor  is  good,  but  there  are  three  and  a 
half  acres  only  without  plant,  or  improvements  of  any  value. 

NoTB.— A  large  part  of  the  maohinery  is  old  and  obsolete  as  far  as  economical  pro- 
duction Is  concerned;  while  very  little,  if  any,  is  adapted  to  the  construction  of  mod- 
em steel  ships  or  the  fabrication  of  modem  guns,  excepting,  perhaps,  some  of  the 
tools  now  in  use  at  the  Washington  navy-yard,  where  a  limit^  number  of  5, 6, 8,  and 
10  inch  all  steel  rifles  are  being  fabricated.  The  following  table  will  give  an  idea  of 
the  guns  on  hand  in  various  stages  in  October,  1685: 
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In  addition  there  weoce  being  provided  for  them  &  fnll  equipment  of  shot  and  shell, 
together  with  all  the  appliances  for  their  service ;  ten  34nch  steel  breech-loading  how- 
itzers; eight  8-inch  gravity  return  hydraulic  recoil  check  carriages  for  the  Chicago, 
Atlanta,  and  Boston;  twenty-one  6 -inch  of  the  same  type  for  the  above-named  ships; 
two  5-inuh,  same  type,  for  the  Chicago;  four  mounts  for  Hotchkiss  revolving  cannon 
for  the  Dolphin;  fourteen  boat  carriages  for  3- inch  breech-loading  howitzers;  ten 
directing-bar  carriaees  for  the  same ;  annealing  12  steel  bars  for  the  War  DejDartment 
for  the  10-inch  Woodbridge  wire  gun,  each  bar  24  feet  long,  4"  X  4",  weighing  1,290 

S>nnds;  the  tabe  for  this  gun  was  also  bored  here  for  the  War  Department;  three 
owell  torpedoes ;  rough  boring  and  turning  all  the  tubes  and  Jackets  for  those  6- inch 
guns  that  are  to  be  finished  at  West  Point  and  South  Boston. 

The  plant  includes  one  modem  lathe  of  72-inch  swing  and  65-feet  shears  (capable  of 
machining  the  tube  for  a  100-ton  sun),  and  another  of  48-inch  swing  and  1 0-feet  shears 
for  jackets  and  hoops;  also  an  oil  tempering  plant  for  treating  hoops,  &c.,  for  B  and 
10-inch  breech-loading  rifles,  and  shrinking-pits  for  assembling  guns.  Plate  20  rep- 
resents an  8-inch  forged  steel  rifle,  fabricated  at  the  Washington  Navy-Tard.  (Chair- 
man.) 


SZTRACTS  r£OM  MEMOKAZT BA  OP  THE  VAVTTASD  COMMISSIOH. 

We  recommend  a  reorganization  and  concentration  of  the  mechanical 
departments  in  every  navy-yard,  so  that  there  shall  be  but  one  shop  in 
each  for  the  performance  of  the  same  class  of  work. 

We  also  recommend  such  a  concentration  of  work,  that  each  of  the 
several  articles  that  fofm  a  part  of  the  outfit  of  every  ship  shall  be  made 
in  a  single  shop,  to  be  established  in  such  yard  as  may  have  the  best 
facilities  and  conveniences  therefor. 

We  recommend,  further,  that  at  each  yard  a  central  steam  generat- 
ing establishment  be  erected,  which  shall  furnish  steam  for  all  motive 
power,  and  for  heating  purposes ;  a  great  iieduction  in  the  cost  of  fuel 
and  of  attendance  will  unquestionaUy  be  secured  thereby,  as  well  as 
greater  convenience  and  eflciency. 

MABE  ISLAND  YABB. 

We  consider  it  absolutely  necessary  that  the  Mare  Island  navy-yard 
be  retained  in  fiill  operation,  it  being  the  only  workshop  of  the  Govern- 
ment on  the  Pacific  coast. 

FENSAOOLA  YABD. 

We  advise  that  the  Pensacola  yard  be  closed. 

NORFOLK  YASD. 

We  advise  that  the  Norfolk  navy-yard  be  retained  in  first-class  work- 
ing condition. 

WASHTNCKTON  YABB. 

We  advise  that  the  Washington  yard  be  dropped  from  the  list  of 
navy-yards,  but,  under  the  designation  of  naval  arsenal,  retained  in  full 
working  condition  for  the  mamEfacture  of  specialties  under  the  Bureaus 
of  Equipment  and  Ordnance ;  sheet  copper  under  Construction,  and 
standard  articles  under  Steam  Engineering. 

LEAGUE  ISLAND  YABD. 

We  recommend  that  League  Island  yard  be  closed,  both  as  a  yard 
and  as  a  naval  station,  until  plans  have  been  prepared  and  approved 
for  such  a  yard  as  the  Department  requested  authority  to  construct  and 
Congress  authorized,  and  until  the  filling,  the  construction  of  the  quay 
walls,  and  the  gateways  to  the  great  ship-basin  in  the  back  channel  are 
completed. 

The  present  plans  contemplate  the  construction  of  exactly  what  the 
Department  declared  it  did  not  want,  viz,  another  similar  yard  to  those 
it  then  possessed,  whereas  the  Department  demanded  authority  to  build 
a  great  iron-shipbuilding  and  iron-manufacturing  yard  only.  This 
change  of  plan  necessarily  involves  the  expenditure  of  an  enormous  sum 
of  money  for  improvements  that  are  not  required,  as  they  exist  in  other 
yards.    Such  an  expenditure  cannot  therefore  be  justified. 

We  consider  the  site  too  valuable  and  desirable  to  be  abandoned,  and 
do  not  believe  that*  similar  or  equal  accommodations  can  be  procured 
elsewhere  at  a  lower  cost.  We  believe  no  better  locality  than  the  Dela- 
ware Biver  can  be  found  for  the  purpose  for  which  the  site  was  selected, 
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and  therefore  recommend  tbe  completion  of  tbis  yard  on  tbe  original 
basis;  bat  we  are  also  ananimonsly  of  the  opinion  that  it  is  totally 
unfit  for  an  ordinary  or  small  yard,  and  that  if  the  original  plan  is  to 
be  abandoned  the  island  should  be  also. 

NBW  YORK  YARD. 

We  advise  that  the  New  York  yard  be  retained  as  a  first-class  yard, 
but  that  no  further  expenditures  be  made  thereon,  until  plans  for  the 
ftdl  development  of  the  yard  shall  have  been  prepared  and  approved. 
These  plans  should  include  the  improvement  of  the  Wallabout  channel 
and  the  utilizing  of  the  cob-dock  for  the  purposes  of  a  wet  baj»n. 

NEVr  LONDON  NAVY  YARD. 

We  advise  that  the  New  London  yard  be  dropped  firom  the  list  of 
navy-yards  and  naval  stations,  and  the  stores  and  material  sent  to 
other  yards. 

We  recommend  farther  that  arrangements  be  made  for  the  transfer 
of  the  Naval  Asylum  to  the  vacated  site  on  the  Thames. 

BOSTON  AND    PORTSMOUTH   YARDS. 

Some  differences  of  opinion  exist  in  the  Commission  in  regard  to  the 
disposition  to  be  made  of  these  yards.  All  agree  t^at  the  navy-yard  at 
Portsmouth  is  indefensible  against  a  serious  attack  from  a  fleet  of  iron- 
clads armed  with  modern  rifled  ordnance,  unless  new  and  extensive  for- 
tiflcations  should  be  erected  for  that  purpose,  the  cost  of  which  would 
be  so  enormous  as  to  preclude  t&e  consideration  of  such  an  expedient 
Even  then  it  would  be  so  vulnerable  to  attack,  from  a  force  landed  to 
the  eastward  of  the  yard,  that  it  would  require  for  its  defense  an  equal 
force.  As  a  consequence  we  recommend  that  no  further  expenditures 
be  made  thereon  for  improvements  of  any  kind. 

All  agree  that  it  would  be  dif&cult  to  overestimate  the  importance  of 
the  Boston  yard  in  time  of  war,  and  that  it  should  be  so  improved  as 
to  utilize  the  water  frontage  to  its  utmost  extent  and  at  the  earliest 
moment*  No  expenditures  for  fortifications  would  be  required  for  its 
defense  beyoild  those  demanded  for  the  protection  of  the  city  itselfl 
All  agree  that  any  proposal  to  dispose  of  this  magnificent  property 
cannot  be  too  strongly  condemned. .  All  agree  that  the  rope-walk 
should  be  kept  in  operation,  and  that  in  view  of  this  fact  and  of  the 
superior  quality  of  the  painted  canv^  goods  made  at  this  yard,  the  saU- 
making  department  should  be  kept  in  operation  for  the  manufacture  of 
tarpaulins  and  other  similar  articles  for  the  entire  Navy. 

A  difference  of  opinion  exists  as  to  the  immediate  disposition  to  be 
made  of  these  yards;  two  members  believe  that  the  yard  at  Ports- 
month  should  be  closed ;  one  member  believes  that  the  yard  at  Boston 
should  be  retained  in  active  operation ;  one  member  considers  it  im- 
portant to  keep  Portsmouth  navy-yard  open  for  the  reception  and  re- 
fitting of  ships  returning  from  southern  stations ;  and  that  any  repairs 
need^  by  wooden  ships  can  be  made  there  as  well  and  as  cheaply  as 
at  any  other  yard.  But  he  concurs  with  the  other  members  of  the  Com- 
mission that  its  importance  and  value  for  ship-building  have  passed 
away,  and  that  it  must  be  closed  whenever  the  necessity  for  the  repair 
of  wooden  vessels  ceases.  In  case  it  should  be  decided  that  no  necessity 
exists  for  a  yard  as  a  sanitary  station,  he  recommends  that  it  be  closed. 
The  same  member  and  another  believe  that  no  necessity  exists  that 
would  justify  the  use  of  the  Boston  yaj*d  as  a  construction  and  repair 
yard  in  time  of  peace. 
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WHAT  HAS  BEEH  DOHE  POS  A  ITEW  VAVT. 

The  following  extract  from  an  address  delivered  by  Bear- Admiral 
Simpson,  before  the  Washington  Branch  of  the  United  States  Naval 
Institute,  December  4, 1885,  compactly  summarizes  what  has  been  done 
toward  a  new  Navy  since  June,  1881 : 

The  first  and  most  important  consideration  for  a  Navy  is  ships!  A  reference  to  onr 
Navv  lists  shows  a  beggarly  account.  What  encouragement  have  we  for  the  fatnie  T 
We  have  mnch  enconragemeni,  and  I  will  trace  with  historical  precision  the  progress 
that  has  been  made,  slowly  indeed  but  snrely,  in  this  direction. 

The  origin  of  the.  effort  dates  from  June,  ItiSl,  when  the  Hon.  William  H.  Hunt, 
Secretary  of  the  Navy,  appointed  an  Advisory  Board  to  consider  and  to  report  on  the 
.  need  of  appropriate  vessels  for  the  Navy.  This  board,  styled  the  first  Advisory  Boiurd, 
decided  that  for  all  purposes  of  **  surveying,  deep-sea  sounding,  protection  and  ad- 
vancement of  American  commerce,  exploration,  the  protection  of  American  life  and 
property  endangered  by  wars  between  foreign  countries,  and  service  in  support  of 
2Lmerican  policy  in  matters  where  foreign  governments  are  concerned,"  and  for  pro- 
viding a  '*  reserve  of  sufficient  stren|^th  to  maintain  the  effectiveness  of  the  fleet,'' 
the  United  States  Navy  should  comprise  seventy  unarmored  cruisers. 

The  Board,  in  its  report  of  Novemoer  7, 1881,  stated  that  there  were  32  vessels  in  the 
Navy  fit  for  service.    The  required  38  vessels  were  classed  as  follows,  viz: 

Two  first-rate  steel  double-decked  unarmored  cruisers,  having  a  displacement  of 
about  5,873  tons,  an  average  speed  of  15  knots,  and  a  battery  of  four  Vlll-inch  and 
twenty-one  Vl-iuch  guns ;  cost,  $3,560,000. 

Six  first-rate  steel  double-decked  unarmored  cruisers,  having  a  displacement  of 
about  4,560  tons,  an  average  sea  speed  of  14  knots,  and  a  battery  of  four  VIII.-inoh 
gnus  and  fifteen  Vl-inch  guns;  cost,  $8,532,000. 

Ten  second-rate  steel  single-decked  unarmored  cruisers,  having  a  displacement  of 
about  3,043  tons,  an  average  sea  speed  of  13  knots,  and  a  battery  of  twelve  Vl-inch 
gnns;  cost.  $9,300,000. 

Twenty  rourth-rate  wooden  cruisers,  having  a  displacement  of  about  793  tons,  an 
average  sea  speed  of  10  knots,  and  a  battery  of  one  V-inch  gun  and  two  60-pounder8 ; 
cost,  $4,360,000. 

In  addition  to  these  cruisers  it  was  recommended  to  build  five  steel  rams  of  about 
2,000  tons  displacement  and  an  average  sea-speed  of  13  knots ;  cost,  $2,^00,000. 

Five  torpedo  gunboats  of  about  450  tons'  displacement  and  a  maximum  sea  speed 
of  not  less  than  13  knots,  and  one  heavy-powered  rifled  j^un ;  cost,  $725,000. 

Ten  cruising  torpedo  boats,  about  100  feet  long,  having  a  maximum  speed  of  not 
lees  than  21  knots  an  hour;  cost,  $380,000. 

Ten  harbor  torpedo  boats,  about  70  feet  long,  having  a  maximum  9peed  of  not  less 
than  17  knots  per  hour ;  costj  $250,000. 

The  Board  stated  that  '*  iron-clads  are  absolutely  needed  for  the  defense  of  the 
oonntry  in  time  of  war,"  but  as  its  orders  were  to  recommend  means  of  providing  for 
the  present  '^  exigencies  of  the  Navy,"  it  considered  this  type  outside  of  the  category 
of  vessels  it  was  ordered  to  consider. 

In  the  naval  appropriation  bill  approved  August  5,  1882,  authority  was  given  to 
build  one  each  of  the  first  two  types  enumerated  above,  and  an  Advisory  Board  (the 
second)  was  provided  to  advise  and  assist  the  Secretary  of  the  Navy  in  all  matters  re- 
lating to  their  construction,  and  <'to  prepare  plans,  drawings,  and  specifications  of 
vessels,  their  machinery  and  armament,  recommended  by  the  late  Naval  Advisory 
Board  not  authorized  to  be  built." 

The  second  Advisory  Board  was  organized  November  13,  1882,  previous  to  which 
there  had  been  issued  from  the  Navy  Department  notice  and  advertisements  concern- 
ing the  construction  of  the  two  steel  cruisers,  inviting  '*  all  engineers  and  mechanics 
of  established  reputation,  and  all  reputable  manufacturers  of  vessels,  steam  engines, 
boilers,  or  ordnance  engaged  in  the  business,  all  officers  of  the  Navy,  especially  naval 
oonstmctors,  steam  engineers,  and  ordnance  officers,  having  plans,  models,  or  designs 
of  any  vessels,  or  of  any  parts  thereof,  of  the  classes  authorized  by  the  naval  appro- 
priation act  01  Congress  of  August  5,  1882,  to  submit  such  plans,  models,  and  designs 
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to  the  Naval  Advisory  Board  directed  to  be  organized  by  the  Secretary  of  the  Navy, 
under  the  provisions  of  said  act,  for  his  advice  and  assistance  in  desisting  and  oon- 
stmcting  said  vessels,  in  order  tnat  the  same  may  be  examined  by  said  Board  in  ao- 
cordanoe  with  the  provisions  of  said  act.'' 

The  Board  issued  a  circular  November  25, 1882,  suggesting  the  general  features  for 
the  larger  vessel  authorized  to  be  built  for  the  guidance  of  uiose  proposing  to  submit 
plans. 

The  Board  recommended  to  the  Secretary  of  the  Navy,  November  21, 1882,  that,  in 
addition  to  the  two  cruisers  already  authorized  to  be  buUt,  there  should  also  be  con- 
structed two  of  the  Jten  second-rate  sinele-deck  steel  unarmored  cruisers  recommended 
by  the  first  Advisory  Board,  also  one  mspatch  boat. 

On  January  2, 1883,  the  Secretary  of  the  Navy  recommended  to  Congress  (in  ac- 
cordance with  the  advice  of  the  Advisory  Board)  the  construction  of  one  steel  cruiser 
of  about  4,000  tons  displacement,  three  steel  cruisers  of  about  2,500  tons  displacement, 
one  dispatoh  boat  of  1,500  tons  displacement,  and  one  cruising  torpedo  boat  to  cost 
138,000.  The  largest  cruiser  previously  authorized  was  omitted  for  sufficient  reasons, 
as  she  could  not  be  built  on  tne  sum  appropriated,  and  it  was  not  considered  jndicious 
to  build  so  large  and  expensive  a  vessel,  which  is  not  required,  and  which  would  be 
very  expensive  to  retain  in  commission. 

On  February  1, 1883,  the  Board  submitted  eeneral  features  for  a  4,300  ton  cruiser, 
and  on  Febuary  5,  1883,  the  Secretary  of  the  Navy  issued  the  same  to  ship  builders 
and  engine  builders  in  the  United  States  likely  to  make  proposals  for  construction. 

Congress,  in  the  Naval  Appropriation  bill  approved  March  3, 1883,  provided  for  the 
construction  of  one  cruiser  of  4,500  tons  displacement  (Chicago),  two  of  3,000  tons 
displacement  (Atlanta  and  Boston),  and  one  dispatch  boat  of  1,500  tons  displacement 
(Dolphin),  a  portion  of  the  estimated  cost  being  voted  at  that  time,  and  the  balance 
being  provided  in  the  temporary  half-year  appropriation  for  the  Navy  approved  July 

The  Secretary  of  the  Navy  in  his  report  of  December  1,  1883,  recommended,  in  ac- 
cordance with  the  advice  or  the  Advisory  Board,  the  construction  of  seven  additional 
steel  vessels,  viz. :  one  of  each  of  the  three  types  already  under  construction  by  the 
authority  of  Coneress,  and  in  addition  to  them,  two  heavy  and  two  light  armed  gun- 
boats. The  consideration  of  a  bill  introduced  in  Congress  in  accordance  with  this 
recommendation  produced  an  investigation  by  a  Senate  committee,  the  evidence 
eiven  at  which  showed  that,  with  the  exception  of  two  of  the  officers  summoned,  the 
Advisory  Board  had  the  confidence  of  the  Navy. 

This  bill  failed  to  pass  the  House  of  Representatives.  The  debate  upon  it  in  the 
Senate  was  very  thorough  and  showed  that,  in  that  chamber,  party  lines  were  yield- 
ing to  what  was  felt  to  be  a  national  question. 

In  the  act  making  appropriation  for  the  Navy,  approved  March  3,  1885,  Consress 
authorized  the  construction  of  four  additional  vessels,  two  of  not  less  than  3,000  nor 
more  than  5,000  tons  displacement,  costing,  exclusive  of  armament,  not  more  than 
$1,100,000  each;  one  heavily-armed  gunboat  of  about  1,600  tons  displacement,  cost- 
ing, exclusive  of  armament,  not  more  than  9520,000 ;  and  one  light  gunboat  of  about 
800  tons  displacement,  costing,  exclusive  of  armament,  not  more  than  $275,000.  This 
bill  was  passed  during  the  last  hour  of  an  expiring  Congress,  and  a  line  introduced  in 
the  House  provided  uiat  the  construction  of  these  vessels  should  be  under  the  di- 
rection of  the  Navy  Department,  not  subject  to  the  supervision  of  the  Advisorv  Board. 
The  eeneral  features  and  preliminary  plans  and  calculations  have  been  made  tor  these 
vessels  by  a  special  Board  on  additional  vessels,  and  they  are  now  in  the  hands  of  the 
Bureaus,  who  are  preparing  designs  on  which  bids  can  be  made  if  proposals  are 
issued  for  their  construction  by  contract. 

We  thus  see  that  •  •  •  whether  with  an  Advisory  Board  or  without  an  Advisory 
Board,  the  Navy  can  count  on  an  addition  of  seven  steel  cruisers  of  modern  construc- 
tion and  one  dispatch  boat  as  a  nucleus  for  the  new  navy.  The  coming  year  will  see 
four  of  these  vessels  completed,  and  it  maybe  that  the  year  following  may  launch  the 
four  additional  vessels ;  and  have  we  not  a  right  to  believe  that,  the  inertia  of  rest 
being  overcome  and  the  energy  of  motion  having  been  communicated,  tiie  pressure 
of  the  wave  of  public  opinion  will  grow  in  force  until  it  will  come  to  be  a  reooenized 
necessity  to  make  a  yearly  appropriation  for  tlie  increase  of  the  Navyf  I  think  we 
have  a  right  to  believe  it. 
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THE  FUHOnONS  OF  SUBMABIHE  MIHES  AVD  TORPEDOES. 

Under  date  of  December  10, 1885,  Lieut.  Col.  Henry  L.  Abbot,  En- 
gineer Corps,  wrote  to  the  chairman  of  the  committee  as  follows : 

^^  At  yonr  request  I  submit  my  views  as  to  the  true  function  of  sub- 
marine mines  and  torpedoes  in  defending  our  coasts.  To  do  this  intelli- 
gibly it  is  necessary  to  consider  briefly  the  whole  subject  of  sea-coast 
defense. 

*'  It  is  now  universally  admitted  that  armored  ships  of  war  can  move 
past  any  ordinary  land  batteries  with  comparative  impunity,  provided 
the  channel  be  unobstructed.  To  obstruct  the  channel,  submarine  mines 
are  the  most  certain  and  prompt  means  known  to  modem  science. 
They  are,  therefore,  the  first  thing*  to  be  considered  in  preparing  to 
close  our  great  seaports  against  a  maritime  enemy. 

*^  But  submarine  mines  alone  are  easily  attacked.  If  operated  by  elec- 
tricity— and  no  other  class  can  be  used  unless  we  are  prepared  our- 
selves to  abandon  the  ocean — boat  parties  can  land,  seize  the  stations 
containing  the  batteries  and  operating  apparatus,  and  thus  render  the 
whole  system  inactive.  Forts  secure  against  sudden  assault  are,  there- 
fore, essential  to  the  system. 

^^  But  isecurity  against  land  assault  is  not  enough.  Without  smaller 
flanking  guns  to  keep  boat  parties  trom  grappling  the  mines  and  cables, 
or  destroying  them  by  countermining  with  modern  high  explosives, 
an  enemy  could  soon  work  his  way  through  the  dangeroas  zone.  A 
heavy  flanking  fire  of  canister  and  case  shot,  and  of  machine  guns, 
must,  therefore,  be  provided  to  sweep  the  entire  obstructed  area.  In 
our  own  system  electrical  arrangements  are  included,  which  deliver  this 
fire  automatically,  and  thus  render  it  effective  by  night  or  in  times  of 
fog. 

^'  But  even  this  is  not  enough.  If  smaller  guns  alone  are  trusted  to  pro- 
tect the  mined  area  against  countermining,  an  enemy  would  approach 
in  safety  with  his  heavy-armored  ships,  and  with  modem  artillery  would 
soon  destroy  our  small  gans  and  their  emplacements  at  a  distance  from 
which  we  could  make  no  reply.  Hence,  the  most  powerful  guns,  capa- 
ble of  piercing  his  armor  at  long  ranges,  and  thus  keeping  him  at  a 
safe  distance,  cannot  be  omitted  from  our  armament.  Such  guns  are 
costly  and  restricted  in  number,  and  must,  therefore,  be  protected 
against  hostile  fire  by  first-class  iron-plated  defensive  works. 

^^  In  fine,  then,  submarine  mines,  small  flanking  guns  to  keep  off  boats, 
and  heavy  ordnance,  mounted  and  properlycovered,in  modem  sea-coast 
batteries  constitute  to-day  the  four  essential  elements  of  a  vigorous 
defense. 

'^  Certain  auxiliaries  are  also  important,  although  much  less  so  than 
these  four  essentials.  Such  are  the  electric  light  to  detect  an  enemy 
prowling  among  the  mines,  light-draught  picket-boats  to  watch  his  ap- 
proach at  a  point  well  iu  advance  of  our  position,  and  movable  tor- 
pedoes under  electrical  control  from  the  shore,  to  assail  him  unawares 
when  attempting  to  countermine. 

*<If,  in  addition  to  these  means  of  closing  the  entrance  to  our  vulner- 
able points  of  attack,  we  have  a  fleet  of  fast  torpedo-boats,  armed  with 
Whitehead  torpedoes  and  machine-guns,  ready  to  cross  our  line  of  de- 
fense.and  assail  the  enemy  when  least  expected,  the  approaches  to  our 
ooast  are  rendered  dangerous,  especially  at  night,  and  he  will  be  com- 
pelled to  cover  his  armored  fleet  with  a  number  of  such  torpedo-boats 
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superior  to  oar  own  before  making  a  determined  attempt  to  enter  our 
great  seaports  with  a  view  to  levying  an  immense  contribution,  or  to 
working  destruction  upon  our  cities,  our  navy-yards,  and  our  commer- 
cial marine. 

*<  With  such  a  system  of  coast  defense  as  that  sketched  above  we  shall 
have  ready  an  intrenched  field  of  battle,  which  cannot  be  turned  by  an 
assailant,  and  where  we  shall  have  every  advantage  in  future  contests 
upon  which  much  may  depend. 

^'  For  less  important  channels  offering  less  inducements  to  attack  a 
mined  area  covered  with  less  costly  artillery  in  less  elaborate  defens- 
ive works,  may  be  trusted  to  afford  the  needful  protection,  but  for  such 
cities  as  New  York,  San  Francisco,  Boston,  Philadelphia,  Baltimore, 
and  New  Orleans,  it  is  ruinous  economy  to  fail  to  prepare  in  season  such 
defenses  as  the  science  of  the  age  demands.  The  money  will  ultimately 
be  paid  to  the  enemy  to  purchase  a  disgraceful  peace,  instead  of  going 
to  our  own  working  population  for  what  is  necessai^  to  maintain  the 
national  honor. 

'*  Very  respectfully,  your  obedient  servant, 

HENRY  L.  ABBOT, 
^^Lieutenant-  Colonel  of  Engineers^  Brevet  Brigadier-  Oeneral^  U,  8.  AJ^ 
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[Prepared  for  the  nso  of  the  select  committee  of  the  United  States  Senate  on  Ordnance  and  War  Shipa, 
byXieut.  W.  H.  Jaques,  Unite<l  States  Navy,  with  papers  by  Liontenant  Commander  F.  M.  Barbev 
and  Lieot.  B.  W.  Very,  United  States  Navy.] 
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[Pienared  for  the  aae  of  the  edect  committee  of  the  United  Statee  Senate  on  Ordnanoe  and  War  Shtoa, 
byXieat.  W.  H.  Jagaee,  United  States  Navy,  with  papers  by  Lieutenant  Commander  F.  K.  Baroer 
and  Lient.  B.  W.  Yeiy,  United  States  Kavy.j 

Washinoton,  D.  0.,  January  5, 1886. 
Gei^tlemen  :  In  accordance  with  your  instractions  I  have  the  honor 
to  sabibit  the  following  information  in  relation  to  naval  torpedo  war- 
fSeu^e,  showing  what  attention  torpedoes,  torpedo-boats,  and  sabmarine 
artillery  have  received  in  the  United  States  daring  the  past  Ave  years, 
together  with  general  descriptions  of,  land  experiments  with,  the  most 
advanced  types,  and  the  development  of  this  arm  in  foreign  conntries 
since  1873. 

Bespectfally, 

W.  H.  JAQITES, 
Lieutenant^  United  States  Kavf. 

2b  the  Select  Oonmittee  of  the  United  States  Senate 

an  Ordnwnoe  and  War  Ships. 


NAVAL  TORPEDO  V^ARPAEE. 

Congress  is  laboring  under  a  most  grievous  error  if  it  supposes  that  our 
torpedo  system  is  efficient.  In  truth,  it  is  wanting  in  almost  every  requi- 
site of  a  useful  and  effective  system ;  and  were  it  efficient  it  must  not  be 
supposed  that  the  most  powerfhl  torpedo  system  that  could  be  conceived 
can  take  the  place  of  dU  other  defenses.  Ships,  both  armored  and  un- 
armored,  are  indispensable  to  prevent  blockade  and  to  destroy  commerce. 
The  three  lines — fortifications,  torpedoes,  and  ships — are  absolute  requi- 
sites of  a  proper  and  sure  defense,  and  heavy  guns  are  imperative,  not 
only  fot  these  ships,  but  to  prevent  countermining,  removal,  and  de- 
struction of  the  interior  and  channel  torpedoes. 

During  the  period  from  1879  to  1885  very  great  progress  has  been 
made  abroad  in  torpedo  appliances. 

An  inspection  of  the  annual  reports  of  the  chief  of  the  Bureau  of 
Ordnance,  Navy  Department,  for  these  years  will  discover  that  many 
officers  have  kept  themselves  informed  of  the  progress  and  development 
of  torpedo  warfare  by  study,  by  occasional  opportunities  afforded  them 
to  inspect  foreign  torpedo-boats  and  their  apparatus,  and  by  a  chance 
observation  of  the  trials  of  the  same.  But  it  will  be  further  seen  that 
very  little  advancement  has  been  made  by  the  United  States  Govern- 
ment in  either  offensive  or  defensive  use  of  torpedoes ;  and  that,  as  your 
committee  witnessed  in  August,  1884,  in  Newport  Harbor,  we  are  still 
limited  to  a  bag  of  powder  or  gun-cotton  tied  to  the  end  of  a  short  stick, 
hoping  that  the  enemy  will  accidentally  come  near  enough  to  be  de- 
stroy^ by  it.  An  officer,  saturated  with  torpedo  information,  once  re- 
marked, '^  Spar-torpedoes  on  a  sea-going  ship  are  about  as  useful  as  a 
Ohinaman's  banners,  and  not  nearly  so  practical  as  his  stinkpots.'' 

As  the  type  of  modern  heavy  ordnance  has  reached  a  form  to  be  ao- 
oepted  as  a  present  standard,  so  has  there  been  established  a  system  of 

146 


ORDNANCE   AND   WAR   SHIPS. 


149 


torpedo  defense  upon  which  some  definite  action  shonld  now  be  taken 
if  the  United  States  Government  does  not  want  to  find  itself  as  far  be- 
hind other  powers  in  this  important  means  of  defense  as  it  is  in  gnns, 
armor,  and  ships.  As  yet  scarcely  any  steps  have  been  made  in  the 
right  direction. 

From  1880  to  1884,  inclnsiye,  bat  $295,000  were  appropriated  for  the 
genersJ  expenses  of  the  naval  torpedo  station  in  amounts  so  small  that 
the  general  expenses  coald  scarcely  be  met. 

jPbr  general  expenses  torpedo  staHouy  Newport,  S.  L 


UmaI  JMT  ending  June  80- 

Amount 

Fiooal  yetf  ending  June  80- 

AmooBt 

1880 

45^000 
60,000 

1884       

$80,009 

1881 

Total 

1888 

280^000 

1888 --.. 

% 

.   m 

In  1880  the  chief  of  the  Bureau  reported  that  ^^  several  aggressive 
torpedoes,  which  promise  well,  have  been  presented  and  trials  will  be 
made  to  ascertain  their  utility." 

In  1881  he  said  that  another  movable  torpedo  had  been  experimented 
with,  the  results  being  encouraging;  and  further  that  *^an  improved 
form  of  the  Lay  torpedo  (called  the  Lay-Haight)  has  been  received  and 
tried  with  favorable  results,  showing  a  very  considerable  reduction  of 
weight  and  a  gratifying  increase  of  speed  over  tbose  formerly  pur- 
chased." Another  movable  torpedo  was  also  experimented  with  with 
fiftir  results. 

This  same  year  the  Naval  Advisory  Board  recommended  five  torpedo 
gunboats,  capable  of  carrying  a  powerful  bow  gun,  aiid  twenty  torpedo 
boats  for  harbor  and  channel  service. 

In  1882,  at  the  Washington  navy-yard,  experiments  were  pursued 
with  the  rocket  torpedo  and  valuable  experience  was  obtained  with  the 
launching  of  torpedoes  under  water.  The  chief  of  the  Bureau  reported 
that— 

The  introdnction  into  the  oervice  of  an  et&eieDt  and  practical  anto-mohile  torpedo 
is  a  matter  of  the  greatest  importance  and  nr^ncy.  Without  sach  an  arm  we  are 
behind  all  other  nations,  and  con  Id  not  maintain  ourselves  snccessfallj  when  opposed 
to  them  in  maritime  war.  The  development  of  such  a  torpedo  is  slow,  requiring  long 
continued  experiments  and  a  great  amount  of  time.  As  it  cannot  be  evolved  at  onoe, 
there  would  be  no  time  to  perfect  such  an  arm  in  the  face  of  an  emergency. 

Amone  the  torpedoes  of  this  nature  which  have  presented  themselves  of  late  yean 
the  ''Wnitehead"  is  the  only  type  which  has  met  with  decided  favor  among  mari- 
time nations,  and  has  shown  itself  capable  of  working  with  any  certainty  at  other 
than  moderate  ranges.  As  it  is  now  adopted  by  all  naval  powers  of  an  v  consequence, 
the  inference  is  unavoidable  that  it  must  possess  merit,  and  the  United  States  should 
also  acquire  it.  The  proper  way  to  do  this  is  to  purchase  a  limited  number,  with  the 
working  drawings,  and  tnen  i>roceed  to  manufacture  (and  improve)  as  the  needs  of 
the  service  may  require.  An  item  has  accordingly  been  inserted  in  the  estimates  for 
the  purchase  of  the  working  drawing  and  twenty-five  torpedoes  of  this  type,  that 
being  the  least  number  of  the  size  desired  that  can  be  purchased. 

When  used  In  the  defense  of  harbors  these  torpedoes  are  launched  from  very  light 
and  swift  boats,  which  are  especially  built  for  tne  greatest  speed  attainable.  The 
construction  of  these  boats  is  a  specialty,  and  only  a  few  firms  in  the  world  (and 
those  abroad)  have  any  considerable  experience  in  building  them.  It  would,  there- 
fore, appear  very  desirable  that  we  should  purchase  one  such  boat  from  the  best 
builder,  and  then  use  her  as  a  model  from  wnich  more  could  be  oonstmoted  m  this 
country.  Accordingly  an  item  for  the  purchase  of  a  boat  has  been  submitted  in  the 
estimatea  for  next  year. 
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The  following  were  included  in  the  estimates  for  the  year  1884  for 
the  Torpedo  Corps : 


Oltfect. 


Amoante 
apprcmri- 


General  expenaes 

For  the  purchase  of  aato-mobile  torpedoes,  of  the  latest  constmotion,  and  a 

set  of  lannohinR  apparatus,  with  working  drawings  therefor  (sabmitted) . . . 

NOTB.— The  United  States  has  no  practloal  aato-mobile  torpedo  suitable 
for  general  nse  tn  war&re  afloat^  and  la  the  only  nation  of  any  pretensions 
which  is  not  thus  provided. 
For  the  purchase  of  a  torpedo-boat  and  the  working  drawings  of  the  same 

(sabmitted) 7, TT? 

KoTB.— The  purchase  of  a  &st  torpedo-boat  from  one  of  the  leading  bufld- 
era  of  the  world  will  f  ninish  our  people  with  a  type  and  example  of  the 
adyanoed  form  of  construction  wnich  is  now  avulaUe. 


Total. 


In  1882  the  Naval  Advisory  Board  reclbmmended  <^  the  purchase  of 
one  cruising  torpedo-boat  100  feet  long  with  a  maximnm  speed  of  21 
knots,"  at  an  estimated  cost  of  $38,000. 

Tn  1883  the  chief  of  the  Bureau  reported  that — 

Experiments  haye  been  oontinned  at  the  Washington  navy-yard  on  the  rocket  tor- 
pedo, and  some  experience  has  been  gained. 

The  iniiK>rtance  of  having  a  snfflcient  nnmber  of  light  and  very  swift  boats  from 
which  to  laonch  offensive  torpedoes  is  well  known  to  the  Department,  and  it  is  sng- 
ffested  that  Congress  be  again  nrged  to  appropriate  for  one  to  be  purchased  abroad, 
from  one  of  the  firms  which  has  most  experience  in  the  bailding  of  sach  vessels. 

He  also  sabmitted  an  estimate  of  $55,000  for  the  purchase  of  sach 
a  torpedo-boat,  and  the  working  drawings  of  the  same,  with  a  note 
that— 

The  purchase  of  a  fast  torpedo-boat  from  one  of  the  leading  builders  of  the  world 
will  furnish  our  people  with  a  type  and  example  of  the  most  advanced  form  of  con- 
struction which  IB  now  available. 

The  Admiral,  in  his  annaal  report  for  the  same  year,  recalled  the  prom- 
inence that  military  authorities  had  given  to  torpedo  defense,  and  said : 

*  *  *  Torpedo-boats  are  particularly  necessary  to  drive  off  ships  or  to  meet 
the  torpedo-boats  of  an  opposing  force.  Kvery  foreign  ironclad  of  any  size  carries 
fh>m  two  to  four  torpedo-boats  of  from  50  to  60  feet  in  length,  of  great  speed,  and 
very  formidable. 

While  we  are  mapping  out  a  system  for  our  Navy  we  should  commence  at  once  to 
build  a  class  of  torpedo-boats  100  feet  in  length  that  could  not  only  help  to  protect 
our  harbors,  but  could  also  operate  off  our  coasts  in  moderate  weather,  for  no  torpedo- 
boats  or  torpedoes  will  be  found  very  effectual  in  rough  weather.  The  moral  effect 
of  such  vessels  will  far  exceed  that  of  any  submerged  torpedoes. 

You  can  scarcely  enter  a  fitting-out  port  of  one  of  the  great  powers  where  von  will 
not  see  a  number  of  these  torpedo-boats  steaming  around,  practicing  on  dummies 
prepared  for  the  purpose,  and  showing  their  readiness  at  all  times  for  action  the  same 
as  if  the  nation  was  at  war.  They  are  considered  as  necessary  for  the  defense  of  a 
harbor  as  forts  or  ironclads.  *  •  •  No  ordinary  steam-launch  or  tug  would 
serve,  as  many  people  seem  to  think,  the  purpose  of  a  torpedo-boat  for  harbor  defense. 
Such  a  torpedo-boat  must  be  large  enough  to  fire  a  heavy  charge^  •  •  •  have 
speed  enouffh  to  escape  from  an  enemy  if  pursued,  and  be  impervious  to  Hotchkiss 
and  mitrailleuse  guns. 

In  this  year  also  definite  action  was  taken  by  Congress,  and  the  sum 
of  $100,000  was  appropriated — 

For  the  purchase  and  manufacture,  after  full  investigation  and  test  in  the  United 
States  under  the  direction  of  the  Secretary  of  the  Navy,  of  torpedoes  adapted  to  naval 
warfare,  or  of  the  ri^ht  to  manufacture  the  same  and  for  the  fixtures  and  machinery 
necessary  for  operating  the  same,  one  hundred  thousand  dollars;  Pravidedf  That  no 
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p«rt  of  said  money  shall  be  expended  for  the  pnrohase  or  manufaotore  of  any  torpedo 
or  of  the  right  to  mannfaotnre  the  same  antu  the  same  shall  have  been  approved  by 
the  Secretary  of  the  Navy,  after  a  favorable  rei>ort  to  be  made  to  him  by  a  board  of 
naval  officers  to  be  created  by  him  to  examine  and  test  said  torpedoes  and  inventions. 

In  pnrsaance  of  this  act,  approved  March  3, 1883,  the  'Ss.vy  Depart- 
ment issaed  a  circalar  to  prominent  inventors  and  manufacturers  of  tor- 
pedoes calling  their  attention  to  the  act  providing  for  the  examination 
and  test  of  torpedoes  adapted  to  naval  warfare,  and  appointed  a  board 
of  five  naval  officers  to  conduct  said  examinations  and  tests. 

Among  those  addressed  were  Messrs.  Whitehead,  Swartzkoff,  and 
Berdan  (foreign  manufacturers),  Gapt.  John  Ericsson,  Messrs.  Asa 
Weeks,  A.  Bowe,  and  Thomas  P.  Bowland,  Capt.  J.  A.  Howell,  U.  8. 
K,  the  United  States  Torpedo  Company,  the  Sims  Electrical  Fish 
Torpedo  Company,  and  the  Dynamite  Projectile  Company. 

Public  notices  of  the  meetings  of  the  Board  were  given  by  advertise- 
ment in  the  leading  journals,  and  every  opportunity  possible  was  given 
to  inventors  and  manufacturers  to  display  the  merits  of  their  torp^oes. 

The  following  detailed  instructions  were  furnished  the  Board  by  the 
Bureau  of  NaVfS  Ordnance : 

BUBBAU  OF  OBDNANOB,  NaVT  DEPARTMENT, 

Waihingtan  Oihf,  December  3,  1883. 

Sib  :  At  the  last  seasion  of  Conf2^8S  an  act  was  passed  and  approved.    *    •    • 

It  will  he  perceived  from  an  examination  of  the  circalar  j^hat  meaning  the  Depart- 
ment attaches  to  the  expression  ''torpedoes  adapted  to  Naval  warfare,"  and  this 
meaning  mnst  govern  the  Board  in  its  proceedings. 

It  win  also  l^  seen  that  the  Borean  did  not  undertake  to  inform  inventors  whether 
their  torpedoes  came  up  to  the  terms  of  the  circular,  but  left  that  point  to  be  decided 
by  themselves  in  the  first  instance. 

The  undermentioned  persons  sent  drawings  to  the  Bureau  and  signified  their  inten- 
tions to  present  torpedoes  before  the  board  was  organized :  Mr.  Asa  Weeks,  the  Amer- 
ican Torpedo  Company,  Commander  J.  A.  Howell,  U.  8.  N. 

The  Board  having  now  been  ordered,  and  informed  that  a  vessel  will  be  furnished 
firom  which  to  make  the  trials,  the  above-mentioned  persons  (and  any  others  that  may 
announce  their  desire  to  compete)  will  be  directed  by  the  Department  to  report  to 
you  with  their  apparatus ;  and  you  will  observe  that  by  the  terms  of  the  Bureau's 
circular,  a  certain  reasonable  amount  of  labor  will  be  furnished  by  the  Department 
(if  necessary)  for  erecting  the  apparatus  on  shipboard. 

Among  the  qualities  that  should  be  possessed  by  a  torpedo  adapted  to  naval  war- 
fare, the  following  appear  to  be  most  essential :  Accuracy,  ranse,  velocity,  certainty 
of  operation^  destmctiveness,  safety  in  handling,  facibty  of  nandling,  simplicity, 
and  the  ability,  simplicity  and  efflciencv  of  the  launching  apparatus. 
^  The  Bureau  attaches  very  considerable  importance  to  the  last  two  of  these  (quali- 
ties, for  though  a  torpedo  may  be  in  itself  adapted  to  naval  warfare,  if  there  is  no 
practical  means  by  which  it  con  Id  be  efiQcientlyf  safely,  and  conveniently  launched 
m  the  more  important  different  directions  desirable  in  a  naval  combat,  this  fact 
would  detract  very  ^eatly  from  its  usefulness ;  and  if  it  could  not  be  held  conven- 
iently in  the  launching  position  at  sea,  or  be  qonveniently  pointed,  or  be  sheltered 
properly  from  the  fire  of  the  enemy's  great  guns  and  machine  guns,  until  the  ship  that 
carries  it  should  arrive  within  working  range,  it  would  fall  short  in  a  very  important 
respect  of  being  an  effective  weapon. 

($f  course  a  torpedo  not  well  covered  and  even  not  very  conveniently  launched  could 
be  effectively  used  at  night,  in  fo^s,  or  in  thick  smoke,  but  for  the  general  purposes  of 
naval  combat  at  sea  it  would  be  inadeauate. 

Among  others  the  Board  should  note  the  following  points : 

Is  the  torpedo  very  difficult  of  manufacture,  and  is  great  accuracy  of  manufacture 
necessary  in  order  to  obtain  uniform  results  f 

Is  great  structural  strength  necessary  f 

What  effect  has  the  motion  of  the  vessel  at  sea  on  the  preparation  of  the  torpedo, 
and  on  the  torpedo  itself  when  in  position  for  firing,  and  what  effect  has  the  motion 
of  the  ship  on  facility  of  pointing  f 

Is  the  preparation  of  the  torpedo  for  action  an  elaborate  process,  and  while  it  is 
being  handled  and  when  in  position  for  service  are  the  vessel  and  her  crew  reason* 
ably  safe  from  injury  f 

Is  much  care  necessary  to  keep  the  torpedo  in  a  state  for  speedy  use  f 

X 


152  ORDNANCE   AND   WAR   SHIPS. 

Is  the  aotaajbing  apparatus  or  material  reasonably  safe  and  harmless  both  whoi 
loaded  and  when  in  store ;  and  does  it  probably  deteriorate  or  dao^onsly  change 
with  time  or  with  the  changes  of  temperature  and  other  conditions  incident  to  serr- 
icef 

Can  the  torpedo  be  made  innocuous  (automatically)  at  the  end  of  the  flight  t 

Can  it  be  conveniently  and  safely  packed  for  transportation  t 

What  is  its  probable  price  with  launching  apparatus  complete  t 

Although  to  the  diverse  characteristics  of  tne  torpedoes  that  may  be  offered  to  the 
inspection  of  the  Board,  it  is  not  possible  for  the  Bureau  to  Iaj  down  any  rigid  rules 
for  the  conduct  of  the  trial,  the  foUowing  programme  is  given  as  an  example  of 
what  would  seem  to  be  a  systematic  investigation  into  the  behavior  of  torpedoes  on 
such  a  trial  as  it  is  the  intention  of  the  Department  to  hold,  and  the  Bom  is  ex- 
pected to  conduct  its  investigations  in  as  nearly  similar  a  manner  as  the  cironm- 
stances  of  each  case  will  warrant,  the  object  being  to  bring  out  clearly  the  advan- 
tages and  disadvantages  of  each  system  that  is  admitted  to  triaL 

After  an  examination  of  the  mechanical  details  of  the  torpedoes  and  the  methods  of 
carrying,  loading,  and  launching  them,  the  Board  should  proceed  to  the  actual  trial 
of  those  that  they  decide  are  adapted  to  use  in  warfare  between  ships  at  sea.  In  or- 
der that  a  correct  idea  may  be  formed  of  the  character  of  the  flight  of  each  torpedo, 
and  also  of  the  distance  at  which  practice  should  take  place  in  the  sea  trials,  some 
preliminary  runs  should  be  had  in  smooth  water  (against  a  target),  either  fh>m  the 
vessel  (held  in  a  fixed  position)  or  from  a  wharf,  float,  or  other  convenient  place. 

In  this  way  the  readiness  with  which  each  torpedo  starts,  its  most  effective  range, 
and  the  time  of  flight  to  that  and  to  shorter  ranges  can  be  ascertained. 

Having  thus  obtained  the  absolute  and  comparative  ranges,  velocities,  accuracy, 
&o.,  under  perfectly  favorable  conditions,  it  would  appear  best  next  to  ascer- 
tain (in  smooth  water  and  without  current)  what  deviation  from  the  line  of  sight  may 
be  expected  when  the  torpedoes  are  launched  from  a  ship  moving  at  speed  past  a 
fixed  target  at  the  range  which  has  been  decided  upon  as  the  most  effective  for  each 
torpedo. 

This  experiment  will  probably  bring  out  the  deviations  and  errors  of  flight  pecu- 
liar to  each  torpedo,  una&ected  by  any  other  condition  than  the  speed  of  the  vesseL 
It  is  probable  that  information  enough  would  thus  be  accumulated  to  enable  the 
Board  to  proceed  in  an  economical  and  efficient  manner  with  the  regular  trials  at  sea, 
and  these  trials  are  the  ones  which  are  to  finally  determine  the  merits  of  the  torpedoes. 

The  first  point  that  it  appears  necessary  to  investigate  is  the  effect  of  the  sea  on  the 
flight  of  the  torpedoes,  ana  for  this  purpose  position  should  be  selected  from  which 
runs  towards  a  target  could  be  maae,  having  the  sea  four  points  on  the  bow  and 
on  the  quarter  (and  also  abeam)  of  the  torpedo  while  running,  as  well  as  directly 
against  and  with  the  flight,  the  vessel  and  target  to  be  both  in  a  state  of  rest. 

The  effect  of  the  sea  alone  on  the  flight  being  thus  recorded,  it  remains  to  ascertain 
the  deviations  due  to  launching  the  torpedoes  in  a  sea-way  nx>m  the  vessel  at  speed 
ajgainst  a  target  at  rest,  the  object  in  this  part  of  the  trial  being  to  get  such  a  direc- 
tion of  sea  as  regards  the  line  of  the  keel  and  the  line  of  flight  as  will  most  clearly 
exhibit  the  directive  force  of  the  torpedo  and  operate  most  to  throw  it  from  the  in- 
tended line  of  flight. 

Perhaps  the  position  that  would  best  accord  with  the  above  design  would  be  when 
running  the  ship  with  the  sea  four  pointe  on  her  bow,  the  torpedo  being  launched 
directly  abeam  and  on  the  side  from  which  the  sea  comes. 

Thus  circumstanced  it  appears  probable  that  the  deflective  force  of  the  sea  running 
along  the  vessel's  side,  and  the  movements  of  the  ship  herself  in  rolling  and  pitching, 
would  be  about  as  unravorable  to  accuracy  as  could  well  be  obtained,  unless  running 
be  found  more  unfavorable. 

Those  surface  (or  other)  torpedoes  that  have  detachable  (or  falling)  magaaines  must 
be  specially  tested,  in  order  to  ascertain  whether  such  magazines  work  certainly  and 
properly. 

It  is  of  great  importance  to  obtain  the  velocity  and  energy  of  the  torpedoes  at  dif- 
ferent.points  of  the  flight;  and  the  striking  energy  at  the  working  range  is  of  essen- 
tial importance,  as  it  is  a  measure  of  the  ability  of  the  torpedo  to  break  through  the 
fence  nets,  &c.  This  last  point  must,  if  practicable,  be  determined  by  actual  experi- 
ment. 

When  the  runs  are  made  frx>m  the  vessel  at  speed,  it  will  be  necessary  to  observe 
carefully  the  direction  of  flight,  as  that  duty  will  then  offer  more  difficulty  than  in 
the  other  experiments. 

In  the  case  of  subaqueous  torpedoes,  both  in  smooth  and  in  rough  water,  every  ef- 
fort must  be  made  to  ascertain  whether  they  hold  a  constant  depth  of  submersion, 
and  to  value  such  oscillations  as  may  occur.  The  steadiness  of  flight  must  be  care- 
fully observed  on  all  occanions. 

The  proprietors  or  inventors  of  the  torpedoes  on  trial  are  to  be  allowed  to  embark 
on  the  vcMel  and  to  be  present  at  all  trials  of  their  own  torpedoes.    They  will  fully 
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explain  thi^  theory  and  eonstrnction  of  their  torpedoee,  and  will  each  manipnlate  his 
own  (with  the  exception  of  pointiog  and  discharge),  with  snoh  manual  assistance  from 
the  crew  of  the  vessel  as  may  be  necessary. 

The  description,  size,  and  weight  of  each  torpedo,  and  of  its  lannching  and  prepar- 
atory apparatus,  should  be  ffiven ;  also,  speed  of  vessel,  height  and  direction  of  sea, 
windj  weather,  &c.,  should  be  carefuUy  noted. 

In  its  report  the  Board  will  state  distinctly  whether  in  its  opinion  each  torpedo  ex- 
amined is  or  is  not  adapted  to  warfare  between  ships  at  sea.  It  will  also  name  those 
thus  adapted  (that  it  wishes  to  report  favorable)  in  the  order  of  their  adaptation. 

The  Department  desires  it  to  be  distinctly  understood  that  every  precaution  must 
be  taken  to  guard  effectually  the  vessel  and  all  those  embarked  in  her  against  injury 
from  the  torpedoes  and  their  appliances,  and  the  Board  will  be  especially  careful  to 
make  all  reasonable  preparations  for  safety,  and  to  allow  no  person  (civilian  or  other- 
wise) to  expose  himself  to  serious  risk. 
I  am,  sir,  your  obedient  servant, 

MONTQOMEBT  SICARD, 

Chptf  of  Bwreau. 
Gapt.  6.  E.  BsLKNAP,  U.  S.  N., 

Fretident  Torpedo  Board. 

The  Board  held  sessioDS  at  Milford,  Conn.,  Norfolk,  Va.,  and  Wash- 
ington, D.  C,  as  well  as  in  the  waters  of  Hampton  Boads  and  the  Ches- 
apeake, for  t^e  examination  and  test  of  the  three  types  of  auto-mobile 
torpedoes  tiiat  were  submitted  to  the  Board.    They  were : 

(1)  The  surface  torpedo,  presented  by  the  American  Torpedo  Com- 
pany, substantially  a  modification  of  the  torpedo  commonly  known  as 
the  Lay-Haight,  its  motive  power  being  carbonic-acid  gas,  acting  upon 
a  Brotherhood  engine,  and  steered  by  electricity. 

(2)  The  Weeks  surface  rocket-torpedo,  presented  by  Asa  Weeks,  its 
motive  power  being  a  rocket. 

(3)  The  Howell  subaqueous  torpedo,  presented  by  Capt.  John  A. 
Howell,  U.  8.  N,,  its  motive  power  consisting  of  a  steel  fly-wheel  re- 
volving within  a  watertight  iron  shell,  set  in  rapid  motion  by  the 
application  of  a  jet  of  steam  at  high  pressure. 

Xhe  Board  carefully  examined  all  the  torpedoes  brought  before  it, 
and  tested  them  as  far  as  their  distinctive  features  and  the  readiness 
of  the  competitors  for  the  exhaustive  trials  required  would  admit. 

In  the  presence  of  the  Board  there  was  but  one  trial  of  the  torpedo 
presented  by  the  Sim's  Electrical  Pish  Torpedo  Company,  of  New  York. 

The  programme  of  trials  as  laid  out  in  the  instructions  was  not  car- 
ried further  than  this  one  trial  (smooth  water),  because  the  company 
was  not  prepared  for  any  others,  as  the  Board  was  informed  by  the  com- 
pany's representative. 

The  Board  concluded  as  follows  with  regard  to  the  adaptation  of  the 
presented  torpedoes  for  naval  warfare: 
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Plata  22. 


Howell  Torpedo.— Fly-wheel  and  Shaft  Qearing. 
4963  OE ^U  . 
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A  careful  inspection  of  these  extracts  from  the  report  of  the  Torpedo 
Board  lead  as  to  conclade  that  of  the  torpedoes  presented  the  Howell  is 
the  only  one  that  appears  to  justify  at  the  present  time  an  expenditure 
for  purchase  and  experiment. 

It  has  accuracy,  fair  range,  moderate  velocity,  and  certainty  of  opjer- 
ation;  it  is  subaqueous  and  consequently  reasonably  sure  of  destructive 
power;  is  measurably  safe,  simple,  and  can  be  easily  handled;  while  at 
the  same  time  it  is  inexpensive  and  not  difiScult  to  manufacture. 

Plate  21  shows  top  and  side  views,  Plate  22  the  fly-wheel  (motive 
power)  and  shaft  gearing,  and  Plate  23  the  launching  apparatus  of  the 
Howell  torpedo. 

Of  the  necessity  of  boats  fitted  with  torpedoes  or  submarine  project-^ 
iles  there  is  no  longer  any  doubt  All  of  the  modem  armed  powers 
are  supplying  themselves  with  torpedo-boats  of  some  type  as  rapidly 
as  purchase  or  their  workshops  can  provide.  Germany  alone,  even 
with  a  limited  coast  line,  considers  that  one  hundred  and  fifty  torpedo- 
boats  will  be  necessary  to  properly  defend  her  coasts. 

The  development  in  torpedo-boats  has  been  phenomenal^  the  last 
year  alone  showing  an  advance  from  a  length  of  120  feet  and  a  speed 
of  19  knots,  which  were  considered  remarkable  qualities  in  a  first-class 
boat,  to  a  length  of  140  feet  and  a  speed  of  23  knots  loaded  (carrying 
15  tons)  and  25  knots  light,  together  with  the  introduction  of  novel 
features  of  importance. 

Plate  24  presents  some  of  the  details  of  an  English  type  of  sea-going 
torpedo-boats.  Length  on  water-line,  127  feet  6  inches;  beam,  12  feet  6 
inches;  maximum  draught,  6  feet  2  inches;  boiler  pressure,  130  pounds; 
revolutions  per  minute,  425;  indicated  horse-power,  657;  probable 
speed,  20  knots ;  bunker  capacity,  19^  tons.  With  this  quantity  of  coal 
the  boat  can  steam  370  knots  at  full  speed  and  about  2,400  knots  at  a 
10-knot  speed.  The  armament  will  be  five  Whitehead  pattern  torpe- 
does arranged  for  gunpowder  impulse  fired  by  electricity,  one  being  in 
a  fixed  tube  in  the  .bow,  two  in  training  tubes  fitted  round  the  forward 
turret,  and  two  in  the  tubes  round  the  after  turret.  One,  or  all  of  the 
torpedoes,  can  be  fired  from  either  turret.  Each  turret  is  fitted  with  a 
John  Donaldson  steam  steering-engine,  and  there  is  a  hand-wheel  on 
deck.  Thomycroft's  patent  rudders  give  remarkable  maneuvering 
powers. 

In  the  second-class  boats,  64  feet  long,  8  feet  beam,  and  3  feet  6^ 
inches  maximum  draught,  a  speed  of  nearly  16  knots  is  obtained  with  an 
indicated  horse-power  of  170  with  131  pounds  boiler  pressure  and  631 
revolutions.  Two  Whitehead  pattern  torpedoes,  in  two  fixed  tubes  in 
the  bow,  arranged  for  gunpowder  impulse  and  fired  by  electricity,  con- 
stitute the  armament.  Two  rudders  make  their  boats  very  handy,  and 
are  so  arranged  that  either  can  be  unshipped  and  hauled  on  board  in 
case  of  necessity.  This  type  is  adapted  for  the  ordinary  service  of  a 
man-of-war,  the  stem-sheets  being  open.  It  is  constructed  on  a  life-boat 
principle,  and  readily  frees  itself  of  any  shipped  water. 

Although  Messrs.  Yarrow  and  Thornycroft  have  brought  the  second- 
class  boats  to  a  very  high  standard  in  Europe,  I  believe  they  will  soon 
be  abandoned  there^  even  for  sea-going  ships  (very  few  are  now  laid 
down),  and  that  the  great  development  will  be  in  overcoming  the  dis- 
advantages of  delicacy  and  weakness  by  increasing  their  size,  giving 
them  greater  maneuvering  power  and  safety  by  the  introduction  of  two 
engines  and  twin  screws,  and  steel-plate  and  coal  protection  against 
rapid-firing  ammunition. 
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Yarrow  &  Co.  have  already  laid  down  some  boats  of  this  character 
that  give  promise  of  developing  a  speed  of  from  23  to  25  knots. 

With  the  plants  and  experience  possessed  by  Thomycroft  and  Yar- 
row,  and  a  capacity  in  each  of  these  works  to  finish  one  boat  a  week, 
England  paght  not  to  be  long  in  overtaking  her  rivals. 

Plate  25  represents  an  English  first-class  boat  (Thornycroft  pattern) 
fitted  for  sea.  Plate  26  shows  the  recent  type  decided  upon  by  the 
British  Government,  in  which  powder  impulse  will  be  employed  for 
torpedo-discharge.  The  turrets  and  some  other  fittings  are  not  shown 
in  the  cut. 

In  weighing  the  criticisms 'concerning  the  overestimation  of  the  im- 
portance and  nsefnlness  of  these  swift  skeleton  boats,  it  must  not  be 
forgotten  that  most  nations  are  sadly  deficient  in  the  education  of  crews 
for  them,  and  that  such  education  should  be  begun  at  the  same  time  as 
the  inauguration  of  our  topedo-boat  fleets. 

Since  the  boats  must  carry  torpedoen,  a  type  or  types  must  be  deter- 
mined upon.  Lieutenant-Commander  Bradford,  U.  S.  N.,  in  his  history 
of  torpedo  warfare,  has  presented  a  valuable  outline  of  the  subject  from 
the  idea  conceived  by  David  Bushnell,  of  Connecticut,  in  the  year 
1771 — to  destroy  a  ship  with  the  gas  liberated  by  the  ignition  of  gun- 
powder under  her — to  the  development  of  the  Whitehead  in  1882;  and 
Lieutenant-Commander  Barber,  IJ.  S.  N.,  has  contributed  a  short  but 
interesting  history  of  submarine  artillery. 

Captain  Ericsson  has  deemed  it  necessary  to  state  that  the  Destroyer 
is  not,  as  has  been  generally  supposed,  a  torpedo-boat,  but  a  vessel  of 
war  (a  gunboat  if  you  choose)  partially  armored  to  attack  bows  on  at 
short  range.  No  matter,  however,  by  what  name  she  is  designated, 
she  belongs  to  that/amt{^  of  weapons  so  greatly  needed  for  the  defense 
of  our  extensive  coast-line;  and  if  we  employ  the  accepted  definition 
of  a  torpedo — ^^an  engine  or  machine  invented  for  the  purpose  of  de- 
stroying ships  by  blowing  them  up" — we  should  class  her  with  torpedo- 
boats,  and  accept  his  submarine  gun  and  projectile,  Plate  27,  as  types 
of  weapons  for  submarine  warfare  well  to  the  front  in  torpedo  experi- 
ments. 

To  obtain  practical  and  full  results  with  the  submarine  gun  and  its 
projectile-torpedo,  it  was  necessary  to  provide  a  suitable  floating  car- 
riage of  high  speed  and  handiness,  and  with  such  equipment  as.  would 
facilitate  the  most  thorough  experiments  to  demonstrate  the  advantages 
and  useftdness  of  the  system. 

These  elements  obtain  in  the  Destroyer. 

When  we  consider  the  amount  of  money  other  nations  have  spent  for 
torpedo  experiments,  and  the  fact  that  the  inventor  is  prepared  to  guar- 
antee the  due  performance  of  the  submarine  gun  and  projectile  (as  he 
did  in  the  case  of  the  Monitor),  it  would  seem  a  most  reasonable  request 
to  ask  Congress  to  appropriate  an  amount  sufficient  to  purchase  the 
Destroyer  and  to  make  trials  with  the  torpedo-boat  in  which  Captain 
Ericsson's  experiments  have  been  so  successfully  conducted  and  by 
which  his  system  has  been  so  well  developed. 

To  acquire  the  greatest  good  from  an  invention,  we  should  accept  it 
at  the  highest  state  of  its  development ;  and,  since  Captain  Ericsson 
has  made  many  of  those  experiments  which  the  Government  must  have 
made  itself  had  it  been  the  possessor  of  the  invention,  the  acquisition 
of  the  Destroyer  would  be  advantageous  and  economical,  particularly 
as  the  cost  would  be  less  than  that  of  any  other  vessel  the  Government 
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would  be  likely  to  construct  for  a  continuance  of  the  development  of 
submarine  artillery. 

The  amounts  that  have  been  expended  by  the  various  ^governments 
for  the  development  of  the  Whitehead  torpedo  are  enormous,  but  they 
are  insignitlcant  if  the  goverilments  feel  a  sense  of  security  in  the  pos- 
session of  an  efficient  system  of  torpedo  defense. 

England  alone  has  spent  hundreds  of  thousands  of  pounds  experi- 
menting with  this  torpedo  and  the  means  of  carrying  and  discharging 
it.  Her  Migesty's  ship  Polyphemus  has  been  conspicuous  in  absorbing 
the  lion's  share  of  these  expenditures.  In  August,  1883,  the  London 
Times  published  the  following: 

The  coantry  wiU  learn  with  satisfaction  that  the  Polyphemus  screw  ram,  which  is 
pnrelv  an  exceptional  ship  as  regards  her  form,  armament,  machinery,  ventilation, 
and  the  power  of  her  engines  in  relation  to  displacement,  is  likely  at  the  eleventh 
honr  to  prove  a  snccess.  This  was  at  one  time  considered  very  donhtfnl,  and  many 
breakdowns  were  recorded.  She  was  broaght  round  £rom  Chatham  at  the  beginning 
of  the  year,  since  which  time  she  has  been  put  through  constant  experiments,  with 
the  object  of  rectifying  admitted  and  notorious  struct^al  weaknesses  and  defects  in 
her  under- water  torpedo  gear.  Her  preliminary  trials  at  the  Nore  and  her  seaworthi- 
ness during  the  voyage  to  Portsmouth  Justified  the  admiralty  in  running  to  the  addi- 
tional expense  of  replacing  her  original  locomotive  boilers  by  a  set  of  ordinary  marine 
type.  But  while  her  success  as  a  ram,  for  which  she  was  exclusively  designed,  was 
thus  shown  to  be  certain,  great  apjirehensions  existed  with  respect  to  her  torpedo 
arrangements.  The  Polyphemus  is  intended  to  carry  no  guns,  and  hence  with  im- 
practicable torpedo  apparatus  she  would  be  dependent  in  action  upon  her  ram  alone. 

The  mechanism  for  ejecting  the  Whitehead  torpedo  does  not  greatly  differ  from 
that  adopted  in  the  Vesuvius  and  Inflexible,  and  its  defective  action  may  be  there- 
fore referred  to  the  increased  speed  of  the  ram,  17  knots,  and  the  increased  immersion 
of  the  tubes.  One  of  the  tubes  is  placed  in  the  ram  itself,  which  is  made  hollow  for 
the  purpoee.  and  two  are  fitted  to  act  on  the  broadside.  The  first^fuled  from  insuffi- 
cient initial  impulse  to  force  the  projectile  into  the  water  and  away  from  the  ship, 
while  it  was  found  impossible  to  project  torpedoes  from  the  broadside  ports,  except 
at  very  slow  speeds,  in  consequence  of  the  tremendous  pressure  which  the  torpedo  en- 
countered from  the  water  from  the  moment  it  left  the  cover  of  the  ship  and  the  excessive 
vibration  of  the  launching  gear.  •  «  •  When  the  speed  of  the  ship  attained  about 
10  knots  the  projectile  was  often  so  tightly  nipped  by  the  pressure  that  it  absolutely 
refused  to  move,  and  it  was  found  impossible  to  move  it  without  injury  to  the  torpedo 
or  danger  to  the  ship.  At  other  times,  •  •  *  the  leverage  exerted  upon  the  tail 
•  •  r  ^2^  ^  great  as  to  disable  the  propeller.  Repeat^  attempts  were  under- 
taken with  a  view  of  surmounting  the  difficulty,  but  without  success,  and  at  length 
the  admiralty,  on  the  principle  that  a  number  of  heads  are  better  than  one,  appointed 
a  special  committee  for  the  purpose  of  considering  questions  relating  to  the  projection 
of  Whitehead  torpedoes  from  submerged  tubes. 

The  Polyphemus  was  laid  down  in  Chatham  in  September,  1878. 
Although  Commander  Gallwey,  B.  1^.,  in  a  paper  read  March  6, 1885, 
before  the  Royal  United  Service  Institution,  on  the  subject  of  ^'  The  Use 
of  Torpedoes  in  War,"  paid  high  tribute  to  the  Whitehead  torpedo  as 
surpassing  all  others  in  efficiency,  and  presented  arguments  in  favor  of 
the  **  much-abused  Polyphemus,"  according  to  the  London  Times  (May 
26, 1885),  she  has  not  been  until  now  considered  <<to  have  justified  the 
hopes  of  her  designers,  and  to  have  demonstrated  her  claims  to  be  re- 
garded as  a  vital  addition  to  the  naval  defenses  of  the  country;"  or, 
after  seven  years  of  unlimited  expenditure,  she  has  <<  worked  out  the 
torpedo-discharge  and  boiler  questions,"  and  assisted  to  model  other 
ships;  for,  "in  the  two  new  Polyphemuses  to  belaid  down,  besides  hav- 
ing their  offensive  powers  strengthened  by  dispensing  with  the  torpedo 
discharge  through  the  ram  itself,  and  giving  them  a  small  gun  arma- 
ment," other  imprpvements  are  to  be  introduced.  They  are  to  be  both 
longer  and  broader  than  the  existing  ram,  and  greater  habitability  is  to 
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be  secured  b^  oonstructiDfif  an  ordinary  ship  above  the  tartle  deck,  which 
will  be  protected  by  3-iDch  armor.'^ 

In  torpedo  warfare  the  greatest  danger  to  be  met  is  to  avoid  the 
destruction  of  the  torpedo-boat  itself^  and  at  the  same  time  to  be  sure 
of  the  successfiil  explosion  of  the  torpedo.  Lieutenant  Latour's  recent 
experience  in  destroying  the  Ohinese  &kgship  at  Foo-Ohow  shows  what 
a  comparatively  small  chance  he  had  of  escape.  For  some  time  he 
oould  not  get  clear  of  the  Chinaman,  and  was  not  only  subjected  to  a 
galling  fire  of  deliberate  aim,  but  had  every  reason  to  fear  that  he  must 
be  carried  down  with  her  when  she  sank.  Fortunately  for  him  and  his 
crew  of  eleven  men,  his  engines  (or  something  else)  were  strong  enough 
to  disengage  him  from  his  enemy,  and  by  a  marvelous  chance  he  lives 
to  eiyoy  the  gloly  he  so  bravely  earned. 

While  one  may  reasonably  expect  a  loss  of  50  per  cent  of  boats  and 
personnel  in  torpedo  warfare,  and  while  this  may  be  an  economical  ex- 
penditure in  comparison  to  the  enemy's  loss,  a  torpedo-boat  commander 
will  be  in  a  superior  position  if  he  has  a  weapon  that  can  be  effectively 
fired  at  his  enemy,  and  still  have  200  or  300  feet  for  maneuvering. 

Oaptain  Ericsson  feels  confident  that  he  has  accomplished  this. 

In  conclusion  I  desire  to  call  attention  to  the  characteristics  of  the 
Whitehead  and  Howell  torpedoes  that  deserve  consideration. 

Although  the  Whitehead  torpedo,  as  a  mechanical  instrument,  is 
nearly  perfect,  it  must  be  remembered  that  the  power  of  compressed 
air  is  comparatively  limited,  that  the  difficulties  of  ejection  have  been 
but  barely  met,  that  bow  discharge  undet  water  has  been  practically 
abandoned,  and  that  the  mode  of  propulsion  may  not  prevent  its  being 
diverted  by  mechanical  contrivances ;  but  it  is  a  commercial  success 
and  is  used  by  almost  every  nation  of  importance — excellent  reasons 
why  the  United  States  should  possess  it. 

Of  the  three  Howell  torpedoes  manufactured  by  the  Navy  Depart- 
ment, two  were  lost  at  Newport,  the  place  of  trial  being  unsuitable  for 
the  experiments  undertaken.  Of  the  recent  trials  with  the  third,  the 
following  extraote  from  the  official  report  will  show  the  results  ob- 
tained: 

The  aoHon  of  the  torpedo  a$  to  direoUon  in  the  horUfontal  plane.r—I  see  no  reason  to 
modify  the  report  of  the  Torpedo  Board,  pai^e  158,  in  reference  to  the  efDciency  of 
the  ''direotive  foroe''  inherent  in  this  torpedo  directing  it  in  the  same  course  it  has 
when  it  leaves  the  launching  apparatus. 

Aa  to  apeed— Steam  on  motor  40  seconds  ffave  13.34  knots;  on  motor  60  seconds, 
15.6  knots.  The  propeUers  are  not,  probably,  well  adapted  to  give  high  speeds ; 
at  least,  before  it  is  decided  that  the  best  speed  attainable  has  been  reached,  other 
propellers  of  varying  pitch  and  surface  and  of  approved  designs  should  be  tried. 

Diving  apparatua  and  direction  in  the  vertical  plane, — ^During  several  trials  the  tor- 
pedo was  seen  for  considerable  distances,  while  runnins  under  the  water,  and  in 
every  such  case  it  was  apparently  on  an  even  keel  about  4  feet  (the  set  depth)  below 
the  surface ;  if  it  were  rising  or  diving  the  angle  was  too  small  to  be  appreciated 
by  the  eye  under  the  circumstances. 

The  torpedo  tried  was  8  feet  11  inches  total  length,  13.75  inches  greatest  diam- 
eter, weigned  S84  pounds,  had  a  buoyancy  of  10  pounds  in  fresh  water,  carried  40 
pounds  of  lead  to  represent  weight  of  explosive  onarge ;  the  same  torpedo  in  salt 
water  would  carry  oO  pounds  of  charge  without  anv  buoyancy.  It  made  a  speed  of 
15.6  knots  for  200  yards  and  a  total  range  of  over  500  yards. 

In  the  appended  reports  of  Lieut.  Oommander  F.  M.  Barber,  IT.  S.  K, 
member  of  th^  Naval  Advisory  Board,  and  Lieut.  E.  W.  Yeiy,  of  the 
United  States  l^avy,  now  a  member  of  the  firm  of  Hotchkiss  &  Go., 
Paris,  France,  will  be  found  valuable  information  and  suggestions  in 
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relation  to  torpedoes  and  torpedo-boats  for  coast  defense,  together  with 
estimates  for  purchase  and  experiment. 

I  hiave  endeavored  to  present  in  a  convenient  form  *for  refecenoe  such 
facts  and  authorities  as  will  assist  your  consideration  of  the  problem  of 
providing  an  efficient  torpedo  defense.  If  the  work  is  to  be  commenced 
in  a  manner  at  all  commensurate  with  its  importance,  not  less  than 
$650,000  should  be  made  available  for  the  purchase  oi^  and  experiments 
with,  the  most  advanced  types  of  the — " 

Whitehead $125,000 

HoweU 125,000 

ErlcBBon 150,000 

Torpedo-boats 250,000 

Total 650,000 

Electrically  controlled  torpedoes  have  not  been  considered  in  this 
paper,  beyond  the  report  of  the  Torpedo  Board,  because  of  their  unfit- 
ness for  naval  warfare,  viz:  Low  speed,  the  facility  with  which  they  can 
be  taken  up,  impossibility  of  guidance  in  fog  or  smoke,  and  the  difficul- 
ties of  control  fi^>m  a  point  in  motion.  Moreover  they  are  very  expen- 
sive. 

I  have  the  honor  to  be  yours,  respectfully, 

W.  H.  JAQUES. 
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TORPEDO-BOAT  COAST  DEFENSE. 
By  Lieut.-CominaDder  F.  M.  Barber,  U.  S.  N. 

Naval,  Advisory  Board,  October ^  1885. 

The  principal  submarine  weapons  are:  Fixed  mines;  electrically  con- 
trolled locomotive  torpedoes,  such  as  the  Lay,  Sims,  Lay-Haight,  &c.: 
locomotive  torpedoes  not  electrically  controlled,  such  as  the  Whitehead 
and  Howell;  submarine  rockets  and  submarine  projectiles. 

Since  both  fixed  mines  and  electrically  controlled  locomotive  torpe- 
does are  more  conveniently  manipulated  from  the  shore,  they  will  not 
now  be  considered. 

Of  the  strictly  naval  torpedoes,  the  Whitehead  is  the  most  formidable 
locomotive  torpedo  in  existence.  It  is  manufactured  in  Austria,  and 
every  maritime  nation  in  Europe  is  in  possession  of  it.  Therefore  the 
United  States  ought  to  Jiave  it. 

The  Howell  torpedo  is  the  most  valuable  American  locomotive  tor- 
pedo that  has  yet  been  invented  for  naval  use.  It  has  already  passed 
beyond  the  experimental  stage  and  presents  many  important  advan- 
tages over  the  Whitehead.  Our  Government  should  take  the  necessary 
action  to  perfect  it. 

Submarine  rockets  and  projectiles  are  still  in  their  infancy,  but  each 
presents  features  which  cannot  be  attained  by  any  torp^o  that  depends 
upon  internal  machinery.  Money  should  be  appropriated  for  the  de- 
velopment of  such  weapons. 

B9timaie$for  the  inaugwroHan  of  means  for  providing  nUtable  weapons  in  the  United  States 

for  torpedo  coast  defense. 


Oldeot. 


Amoant 


For  the  purohaae  of  ten  Whitehead'  torpedoee,  with  the  rieht  to  nuoinfiietiire;  the 
necessary  maohinery,  d&o.,  for  a  mannnotnilng  plant  at  the  toipedo  station,  New- 
port, B.  I 


For  the  purchase  of  two  flrst-olasa  torpedo-boats  in  England 

To  manufkctnre,  by  contraot,  in  the  united  States,  two  first-class  torpedo-boats,  after 

the  Bnglish  boats  are  received  and  become  available  fot  models 

To  mannnctare  and  experiment  with  Howell  torpedoes,  both  ftem  ships  and  boats 

To  experiment  with  submarine  rockets  afed  projectiles 

^o  msnnfactnre,  by  contract,  in  the  United  States,  two  seoond-chus  torpedo-boats 

Total 


$100,000 
120,000 

180,000 
100,000 
60,000 
60,000 


650,000 


BEASONS  FOB  THE  ABOTE  ESTIMATES. 

1.  The  average  price  of  each  Whitehead  torpedo  is  about  $1,000.  It 
is  estimated  that  ten  will  be  required,  as  each  of  the  first-class  torpedo- 
boats  purchased  will  need  four ;  the  remaining  two  are  for  a  reserve. 
Whitehead  sells  the  right  to  manufacture,  with  working  drawings,  &c., 
ibr  about  $50,000.  Of  course  our  Government  cx)uld  manufacture  with- 
.out  buying  the  right;  but  apart  from  the  injustice  of  doing  so,  it  would 
be  impolitic  and  uneconomical,  since  we  would  necessarily  have  to  travel 
over  much  of  the  same  ground  of  mechanical  mistakes  that  Whitehead 
has.  It  would  be  better  to  buy  the  results  of  his  experience  and  seek 
to  imim>ve  the  weapon  (which  could  undoubtedly  be  done).  Tl^e  re- 
maining $40,000  would  be  necessary  for  transportation,  special  tools,  air- 
compressing  machinery,  and  other  plants. 

2.  The  two  most  celebrated  builders  of  torpedo-boats  in  the  world 
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are  Thornycroft  and  Yarrow,  in  England.  Each  is  capable  of  producincr 
a  first-class  torpedo-boat,  fh)m  100  to  130  feet  long  and  with  10  to  14  feet 
beam,  that  will  steam  at  the  rate  of  ftom  18  to  22  knots  per  hoar  for  370 
knots,  or  at  the  rate  of  10  knots  per  hour  for  3,000  knots.  Each  bailder 
produces  an  excellent  boat;  but  as  each  differs  from  the  other  in  his 
methods  of  arrangement  of  machinery,  bulkheads,  braces,  launching 
apparatus,  &c.,  it  is  most  desirable  that  oar  builders  should  have  the 
advantage  of  the  experience  of  both.  The  cost  of  these  boats  varies 
from  $55,000  to  $60,000  each ;  perhaps  more  if  only  two  boats  are  ordered. 

3.  In  order  that  we  should,  have  an  independent  torpedo  defense,  it 
is  absolutely  necessary  that  we  should  be  able  to  manufacture  torpedo- 
boats  in  this  country  of  the  most  efficient  types.  The  English  torpedo- 
boats  could  be  delivered  here  within  from  four  to  six  months  from  date 
of  contract.  On  their  arrival,  they  should  immediately  be  sent  to  Wash- 
ingtoii  or  ]Sewi)ort  and  the  prominent  builders  of  the  country  should 
be  invited  to  attend  a  series  of  trials  with,  and  to  thoroughly  inspect, 
theu»  in  all  their  details.  After  this,  two  boats  should  be  contracted  for 
from  two  responsible  bidders,  in  order  to  find  dut  what  the  builders  are 
capable  of  producing  and  what  improvements  can  be  made  on  the  English 
models.  These  boats  should  be  subject  to  the  most  rigid  Government 
inspection  during  their  manufacture.  They  would  cost  at  least  $65,000 
each. 

4.  As  the  Howell  is  at  present  the  most  promising  competitor  of  the 
Whitehead,  it  should  be  brought  to  the  utmost  perfection.  Its  prin- 
cipal advantages  over  the  Whitehead  are  its  directive  force,  its  size, 
and  its  cost.  Its  remarkable  power  of  maintaining  the  direction  in 
which  it  is  pointed,  when  acted  upon  by  a  deflecting  force,  makes 
it  possible  to  launch  it  with  accuracy  from  the  broadside  of  a  ves- 
sel in  rapid  motion,  which  in  my  opinion  is  the  most  practical  method 
of  using  a  torpedo  at  sea^  no  other  torpedo  presents  the  advantages 
in  this  respect  that  are  possessed  by  the  Howell.  Its  size  is  not 
more  than  one-half  that  of  the  Whitehead,  which  is  the  most  important 
feature  in  regard  to  handiness  in  use  and  storage  on  board  ship.  The 
Whitehead  is  from  16  to  20  feet  long  and  from  14  to  18  inches  in  diame-' 
ter,  while  the  Howell,  carrying  the  same  explosive  charge,  is  from  8  to 
9  feet  long  and  from  12  to  15  inches  in  diameter.  Its  cost  is  less  than 
one-half  that  of  the  Whitehead ;  but  as  it  is  still  an  imperfect  weapon, 
it  is  necessary  to  further  develop  it  and  also  to  perfect  the  method  of 
launching  it,  both  from  ships  and  from  first-class  torpedo  boats. 

5.  By  submarine  rockets  and  projectiles  I  do  not  mean  the  gigantic 
rocket  of  Weeks  or  the  ponderous  projectile  of  Ericsson,  but  a  weapon 
7  or  8  feet  long  and  from  12  to  15  inches  in  diameter,  which  can  be 
manipulated  from  second-class  torpedo-boats.  A  weapon  of  this  species 
possesses  a  theoretical  advantage  over  any  locomotive  torpedo  in  the 
fact  that  there  is  no  internal  machinery  to  deteriorate  with  time  or  to 
require  constant  attention;  and  it  is  much  simpler  in  its  manipulation 
and  action.  The  range,  though  limited,  would  be  ample  for  harbor 
work.  Very  little  in  this  field  has  ever  been  done  either  in  this  country 
or  in  Europe ;  but  I  think  that  it  is  well  worth  $50,000  to  the  country 
to  investigate  it. 

6.  A  second-class  torpedo-boat  is  from  40  to  60  feet  long  and  with  6 
or  8  feet  beam.  The  use  of  these  boats  is  gradually  being  abandoned  in 
EuropiC  except  for  use  from  sea-going  ships;  but  in  Europe  the  harbors 
are  very  small,  and  it  has  been  found  that  practically  every  torpedo- 
boat  for  coast  defense  must  be  able  to  go  to  sea.  The  tendency  is, 
therefore,  to  confinement  to  the  first-class  boats.    A  second-class  boat 
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is,  however,  much  handier  and  cheaper  than  a  large  one,  and  in  this 
country,  where  we  have  such  large  bays  as  the  Ohesapeake  and  Dela- 
ware and  harbors  like  New  York  and  San  Francisco,  the  second-class 
boats  would  be  found  exceedingly  convenient  and  abundantly  large 
for  sheltered  waters.  It  is  from  these  boats  that  I  would  propose  to 
as8  the  submarine  rockets  and  projectiles,  or,  if  desirable,  the  spar 
torpedo. 

The  spar  torpedo  has  been  perfected  at  Newport,  but  we  want  some- 
thing better ;  something  that  can  be  thrown  at  the  enemy  when  he  is 
beyond  the  reach  of  a  club.  The  Whitehead  and  Howell  torpedoes, 
when  dropped  into  the  water  from  even  a  very  moderate  height,  will  de- 
scend to  a  distance  of  18  feet.  There  will  be  many  cases  when  it  will 
be  necessary  to  use  a  torpedo  in  less  than  18  feet  of  water,  and  my  idea 
is  that  some  species  of  rocket  or  projectile  Is  desirable  to  be  fired  from 
a  second-class  torpedo-boat  in  the  line  of  the  keel  or  otherwise,  when 
a  range  of  from  50  to  100  feet  would  be  ample,  and  when  a  first-class 
torpedo-boat  might  be  unhandy  to  manipulate.  Herreshoff  will  build 
a  wooden  40-foot  spar  torpedo  boat  that  will  make  19  miles  an  hour  for 
from  $12,000  to  $14,000 ;  but  a  60-foot  boat,  of  steel,  well  built  and 
equipped,  will  cost  $25,000. 

For  a  proper  torpedo-boat  defense  of  the  coast  of  the  United  States, 
including  the  Great  Lakes  and  Alaska,  for  a  threatened  war,  there  would 
be  required  two  hundred  first-class  and  sixty  second-class  torpedo-boats. 

Boughly  estimating,  there  would  be  one  first-class  torpedo-boat  for 
every  60  miles  of  coast,  and  they  would  be  within  three  hours' steaming 
distance  of  each  other.  There  would  be  three  second-class  torpedo- 
boats  in  each  of  twenty  important  harbors  and  bays.  The  first-class 
torpedo-boats  are  capable  of  concentration  anywhere  along  the  coast; 
the  second-class  boats  remain  always  in  the  harbors  to  which  they  are 
assigned. 

This  fleet  would  cost  $14,000,000,  and  would  require  520  offtcers  and 
3,280  men,  with  a  reserve  of  130  officers  and  800  men. 

The  exact  division  of  this  fleet  would  depend  upon  the  relative  im- 
I>ortance  of  the  cities  and  harbors  along  the  coast,  but  generally  speak- 
ing, it  would  be  divided  into  twenty  groups,  each  group  having  a  patrol 
of  600  miles  of  coast,  which  would  be  an  easy  steaming  distance  for  any 
of  the  ten  first-class  boats  in  the  group.  In  time  of  actual  war,  the 
number  of  boats  would  have  to  be  increased  according  to  the  naval 
power  of  our  enemy,  for  it  must  be  borne  in  mind  that  there  would  be 
a  very  heavy  percentage  of  loss  of  these  boats  not  only  from  the  ma- 
chine-gun fire  of  the  attacking  force,  but  also  from  the  enemy's  torpedo- 
boats,  which  either  England  or  France  could  and  would  transport  to 
this  country  in  great  numbers  in  two  weeks'  time  from  the  declaratiqn 
of  war.  The  popular  idea  in  this  country  that  tugs,  yachts,  and  open 
launches  could  in  an  emergency  be  fitted  with  spar  torpedoes  and  per- 
form successful  work  in  the  coast  defense  is  a  wrong  one.  Twenty  years 
ago  it  was  true,  but  not  now.  It  should  be  distinctly  understood  that 
in  the  matter  of  naval  torpedo  defense  we  are  at  this  moment  behind 
every  European  maritime  nation. 

If  our  war  was  to  be  with  England  the  number  of  torpedo-boats 
would  probabjy  be  required  to  be  doubled  on  the  Atlantic  and  quadru- 
pled on  the  Pacific  coast  and  Great  Lakes.  If  with  France,  the  number 
would  be  doubled  on  the  Atlantic  and  Pacific  coasts  and  trebled  in  the 
Gulf.  If  with  Spain,  the  number  would  require  no  increase.  If  with 
Ohili,  the  number  on  the  Pacific  coast  should  be  quadrupled,  by  shipping 
from  the  east  by  rail. 
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After  settting  upon  the  best  types  of  torpedoes,  it  would  seem  that 
the  best  method  to  pursue  to  put  the  United  States  in  a  properly  de- 
fensive position  would  be  to  make  an  annual  appropriation  for  the 
building  and  equipment  of  twenty  torpedo  boats  per  year  till  the  requi- 
site number  is  acquired,  and  to  commence  building  at  once.  In  Europe 
where  the  Whitehead  finds  few  or  no  competitors,  the  boats  are^Il 
made  for  either  the  Whitehead  or  the  spar,  or  both ;  but  in  the  United 
States  it  is  claimed  that  other  torpedoes  can  be  made  which  will  be 
superior  to  the  Whitehead  (although  the  latter  is  known  here  only  by 
reputation). 

Since  this  is  the  case,  and  since  the  general  features  of  the  boat  de- 
pend upon  the  torpedo  to  be  used  from  it,  what  is  needed  at  present  is  an 
appropriation  such  as  I  have  indicated,  whereby  the  United  States  will 
come  into  possession  of  the  Whitehead  and  at  the  same  time  will  develop 
what  appear  to  be  the  most  promising  ideas  in  this  country.  One  or 
two  years'  practical. liberal  experimental  work,  which,  in  my  opiidon, 
this  $550,000  would  allow,  would  so  far  determine  the  most  useful 
torpedoes  that  we  could  then  begin  to  build  an  annual  supply  of  boats, 
torpedoes,  &c. 

If  the  amount  I  have  named  should  be  deemed  extravagant,  then  I 
should  recommend  an  appropriation  of  $260,000  to  be  expended  as  fol- 
lows :  $100,000  for  the  purchase  of  the  Whitehead,  as  before  described; 
$60,000  for  the  purchase  of  one  first-class  English  torpedo-boat :  $50,000 
for  th&  purchase  and  development  of  the  Howell  torpedo ;  $m),000  for 
the  development  of  submarine  rockets  and  projectiles. 

If  only  1:^50,000  can  be  made  available,  then  expend  $100,000  for  the 
Whitehead  and  $50,000  for  the  Howell. 

If  only  $50,000  can  be  made  available,  then  expend  it  all  for  the  pur- 
chase and  development  of  the  HowelL 


REPORT  ON  TORPEDO  BOATS  FOR  COAST  DEFENSE. 
By  Lieut.  E.  W.  Vkrt,  U.  S.  N. 

Pabis,  Franoe,  August  26, 1884. 

Of  all  the  special  branches  of  naval  equipment,  none  is  at  present  re- 
ceiving a  more  careful  and  wide-spread  attention  amongst  the  European 
naval  powers  than  that  of  the  torpedo  boat  for  coast  defense.  Every 
country,  without  exception,  that  possesses  a  sea-coast  is  at  this  moment 
engaged  in  building,  or  having  built,  boats  suitable  for  this  service. 
Portugal  alone,  of  all  these  countries,  possesses  less  than  nine  boats 
competent  to  take  part  in  coast  defense.  (In  the  use  of  the  word  coaatj 
its  literal  definition  is  intended.)  Every  evolutionary  squadron  has  its 
attachment  of  torpedo  boats  forming  an  independent  flotilla,  ftdly  able 
to  accompany  the  squadrons  under  all  circumstances  of  wind  and  sea. 
In  all  countries  ofQcers  are  picked  from  the  lower  grades  of  the  execu- 
tive corps,  and  are  given  a  special  training  in  handling  them,  to  acquire 
an  intimate  knowl^ge  of  every  detail  of  the  boats  and  of  their  native 
coasts.  The  crews  form  a  picked  corps  of  men  thoroughly  instructed  in 
the  working  of  the  machinery  and  weapons,  and  with  but  one  or  two  ex- 
ceptions each  nation  builds  its  own  boats. 

The  unanimity  with  which  foreign  naval  powers  are  developing  tor- 
pedo warfare  seems  to  prove  that  decided  recommendations  should  be 
made  with  regard  to  torpedo  boats. 

In  making  a  report  upon  torpedo  boats  for  coast  defense  it  seems  best 
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to  start  from  the  basis  of  the  recommendatious  of  a  board  of  Grermau 
naval  ofSeers,  made  la  March  last  to  the  Reichstag.  It  must  be  borne 
in  mind,  1st,  that  in  1873  a  German  advisory  board  laid  down  a  complete 
programme  for  the  reconstruction  of  the  navy ;  2d,  that  as  this  pro- 
gramme has  been  filled,  it  has  been  accompanied  by  constant  practical 
teats  which  have  led  to  many  modifications  of  detail,  although  the  main 
summary  has  never  been  deviated  from ;  3d,  that  no  deviation  has  ever 
taken  place  upon  theoretical  considerations  alone,  but  only  after  direct 
experiment  has  clearly  proved  that  a  strict  adhesion  to  the  original 
projects  was  erroneous.  The  following  extracts  from  the  report  above 
referred  to  contain  all  that  is  pertinent  to  the  subject  under  considera- 
tion : 

The  development  of  submarine  mines  and  of  locomotive  torpedoes  has  at  present 
reached  such  a  point  that  we  do  not  expect  important  advances  to  be  made  in  either 
system  during  the  comins  year,  and,  such  being  the  case,  we  are  of  the  opinion  that 
we  should  now  acquire  the  best  material  existing  for  both  systems.  For  many  years 
we  have  patiently  aUowed  other  navies  to  take  precedence  of  ours  in  this  develop- 
ment, in  order  that  when  the  proper  time  should  come  to  fully  equip  this  brauch  of 
the  service  we  might  be  absolutely  certain  of  advancing  in  the  true  direction.  That 
time  has  now  come,  and  we  must  cease  obeei-vation  and  proceed  at  once  to  the  com- 
plete defense  of  the  German  coast.  •  •  •  The  idea  which  was  formerly  cultivated, 
and  which  was  expressed  in  the  original  programme  of  fleet  development,  of  hi^ving 
special  torpedo  vessels  of  a  medium  size,  has  not  been  realized,  and  is  not  recom- 
mended on  account  of  the  many  obstacles  presented  by  the  attempt  to  satisfactorily 
combine  speedy  armor,  maneuvering  power,  torpedo  and  gun  power.  *■  *  *  The 
desi^  of  providing  each  ironclad  with  two  torpedo-boats  nas  as  yet  not  been  fully 
earned  out,  as  it  is  considered  better,  if  possible,  to  make  these  boats  larger  and  more 
seaworthy,  in  order  that  they  may  accompany  an  iron-clad  squadron  as  an  independ- 
ent attachment. 

For  fighting  along  the  home  coast  these  boats  wiU  be  able  not  only  to  accompany 
the  ironclads  but  to  engage  in  independent  coast  operations.  For  foreign  expedi- 
tions, too  distant  to  maketnem  independently  applicable,  they  may  be  transported  to 
the  scene  of  action  on  special  transport  ships. 

Torpedoes,  ab  well  as  torpedo-boats,  are  now  manufactured  exclusively  in  native 
German  establishments.  «  *  •  These  boats  are  about  98  feet  in  length,  with  very 
light  draught,  earry  a  complement  of  one  officer  and  about  fourteen  men,  two  torpedo 
dischargers,  and,  as  a  rule,  two  revolving  cannon.  They  have  no  rig  whatever,  but 
carrjr  coal  enough  to  drive  them  1,000  miles,  at  a  speed  of  10  knots.  The  few  boats 
of  this  class  which  the  German  Government  has  possessed  up  to  tliistime  {eleven  in 
all)  have  been  well  taken  care  of.  *  *  *  The  small  size  and  very  hign  speed  of 
these  boats  make  them  very  difficult  targets  to  hit,  so  thtft  in  this  respect  they  pos- 
sess a  great  advantage  over  heavy  ironclads.  •  *  *  It  must  be  remembered,  how- 
ever, that  it  is  not  probable  that  the  saccess  of  an  operation  would  be  made  depend- 
ent upon  a  single  shot  or  a  single  boat,  but  that  attacks  would  be  made  by  from  two 
to  six  boats,  attacking  from  different  directions.  It  is  possible,  therelbre,  at  the  risk 
of  a  loss  of  a  minimum  number  of  men  and  of  a  few  cheap  and  quickly-built  boats,  to 
sink  a  colossal  war-ship  in  a  single  attack.  Even  in  bright  moonlight,  and  with  the 
greatest  possible  care  and  alertness,  it  becomes  impossible  for  a  ship  to  anchor  for  a 
mnsle  night  on  a  coast  well  defended  by  these  torpedo-boats. 

Numerous  and  well-provided  torpedo-boats  make  a  blockade  an  undertaking  of  the 
most  difficult  character.  It  makes  it  necessary  for  the  blockaainff  squadron  to  haul 
off  the  coast  every  night.  Its  coal  snpplv  is  thereby  wasted,  the  harbor  is  left  open 
at  night,  and  the  actnalitv  of  the  blockade  is  threatened.  Even  though  under  way 
the  sjinadron  is  not  safe,  for  the  boats  can  follow  it  out  and  find  the  ships. 

It  is  readily  conceivable  that  id  an  energetic  defense  of  this  kind  many  boats  wiU 
be  disabled  through  accident  and  the  enemy's  fire,  and  therefore  the  total  number  of 
boats  must  not  be  limited  to  that  barely  necessary  for  the  active  work.  *  *  *  In 
considering  this  matter  it  is  not  a  question  of  any  single  modification  of  type,  or  of 
siugle  vessels,  as  would  be  the  case  with  vessels  of  the  fleet,  but  it  is  a  necessity  Jthat 
the  German  torpedo  flotilla  should  be  brought  up  to  the  number  of  150  boats,  for  coast 
defense,  the  armament  of  war  ships,  and  a  reserve  for  replacing  disabled  boats. 

With  this  number  the  German  fleet  will  stand  first  in  tne  world  in  respect  of  torpedo 
defense,  as  is  shown  by  the  following  table  of  torpedo-boats  possessed  by  different 
nations : 

England  has  built  22  flrst-class  and  97  second-class,  and  is  building  4  first-olMi  and 
6  second-class— total,  129. 
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Fraooe  has  built  13  flnt-olaas  and  53  aeoond-olaas,  and  is  bnilding  3  fint-olMs  and  7 
aeoond-olaaB— total,  76. 
Russia  has  built  4  flnt-olass  and  117  aeoond-olaas,  and  ia  building  4  flrst-olaaa-^total, 

Italv  baa  built  18  first-olasa  and  21  aeoond-claaa,  and  ia  bnilding  14— total,  53. 

Holland  has  24,  Norway  and  Sweden  15,  Austria  14,  and  Denmark  9.  England, 
France,  and  Austria  oontemplate  an  inorease  in  the  immediate  future. 

The  average  cost  of  a  torpedo  boat,  with  its  torpedoes  and  revolying  cannon,  amounts 
to  240,000  marks  ($57,170).  In  order  to  attain  this  number  of  boats  it  ia  necessary  to 
provide  for  building  115  new  ones. 

The  opening  statement  and  the  final  recommendation  of  this  report 
leave  no  donbt  whatever  with  regard  to  the  opinion  of  German  naval 
offtcers  that  the  torpedo-boat  has  passed  entirely  beyond  the  experi- 
mental stage,  and  has  entered  as  a  permanent  element  into  the  consti- 
tution of  the  fleet  As  they  say,  there  is  no  question  here  of  types  of 
vessels  or  of  single  ships,  but  the  flotilla  must  at  once  be  brought  up  to 
its  full  standard.  Coming  as  these  statements  do,  from  a  i>eople  so 
methodical  and  certain  in  all  matters  of  military  improvement,  it  would 
seem  that  an  acquisition  of  these  boats  by  the  United  States  is  of  the 
first  importance,  and  that  action  should  be  taken  at  once. 

In  entering  into  an  argument  with  regard  to  the  importance  of  this 
type  of  naval  defense  for  our  own  coasts,  it  is  necessary  to  have  as  com- 
plete an  understanding  as  possible  of  the  boat  itself  and  its  develop- 
ment. The  appendix  to  this  report  contains  imi>ortant  data,  illustrat- 
ing the  improvements  and  present  condition  of  the  boats. 

From  these  data  it  will  be  seen  that  the  fully  developed  flrst-class  tor- 
pedo-boat of  to-day  is  in  general  terms  a  craft  about  100  feet  long,  with 
a  draught  of  from  4^  to  6  feet  of  water;  a  capability  of  maintaining  a 
speed  at  sea  of  not  less  than  16}  knots ;  an  endurance  at  tbiB  speed  of 
over  150  miles,  and  a  maximum  endurance  of  from  650  to  1,200  miles; 
an  armament  of  torpedoes  and  revolving  cannon,  and  a  capability  of 
keeping  the  sea  under  all  conditions  of  weather. 

In  examining  the  especial  work  of  this  typ6  of  boat,  attention  is  drawn 
to  the  custom  now  almost  universal  in  Europe  of  considering  the  total 
work  of  the  coaiat  defense  as  divided  into  three  distinct  sections,  called 
lines  of  defense. 

The  inner  line  consists  of  the  coast  fortifications  and  other  channel 
defenses,  such  as  mines  and  permanent  obstructions.  Indefinite  ex- 
tension of  fortifications,  such  as  would  render  the  coast  difftcult  of  ac- 
cess, is  impracticable.  The  great  expense  of  construction  and  main- 
tenance limits  their  position  to  those  points  which  are  of  the  most 
vital  importance  to  the  safety  of  our  seaboard  towns.  Even  at  these 
points  the  best  armed  fortifications  are  considered  insufftcient  of  them- 
selves to  effectually  check  an  active  enemy  from  doing  almost  irrepa- 
rable damage  to  the  places  which  they  are  designed  to  protect.  In 
order  to  enable  them  to  develop  their  fbll  power  a  defense  must  be 
organized  in  the  approaches  themselves.  In  the  cases  of  approaches 
that  possess  little  commercial  but  great  strategical  value,  these  supple- 
mentary defenses  may  consist  of  permanent  obstructions,  blocking  the 
channels  completely  and  needing  only  such  protection  as  shall  insure 
against  their  removal  by  an  enemy.  In  approaches  of  great  com- 
mercial value,  this  system  cannot  be  applied  except  at  a  period  of  the 
most  dire  necessity.  The  channels  must  then  be  defended  by  mines. 
These  mines,  however^  must  not  be  of  such  a  nature  as  to  hamper  the 
free  movements  of  friendly  commerce  or  naval  vessels  except  when 
the  enemy  is  actually  present,  and  the  matter  of  opening  or  closings 
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channels  at  will  is  one  of  the  most  difficult  things  to  accomplish,  par- 
ticolarly  with  an  active  enemy  in  the  vicinity,  who,  by  skillfiil  counter- 
mining, mav  in  a  single  night  make*  a  havoc  in  these  defenses  that  it 
will  reqoire  days  and  perhaps  weeks  to  remedy,  reqoiring  resort  to 
permanent  obstractions. 

In  order  that  these  important  approaches  may  be  kept  open  until  the 
last  moment,  that  time  may  be  gained  by  giving  warning  and  possibly 
holding  an  enemy  in  check  untfi  they  may  be  made  secure  and  to  pre- 
vent tbeir  removal  or  disabling  when  in  place,  a  second  line  of  defense 
is  rendered  necessary.  As  it  is  this  line  which  depends  for  its  main 
strengUi  and  ^ectiveness  upon  torpedo-boats,  I  will  pass  to  the  con- 
sideration of  the  outer  line  first. 

^e  outer  line  of  defense  consists  of  the  sea-goiiig  fighting  vessels 
proper,  both  armored  and  unarmored.  If  an  armored  force  api)ears 
before  any  important  point  on  the  coast,  it  must  be  met  by  a  force  of 
at  least  equal  strength  and  driven  off,  otherwise  a  blockade  is  estab- 
liiihed.  It  must  be  borne  in  mind  at  this  point  that,  if  a  channel  is 
blocked  by  our  own  mines  or  obstructions,  the  object  of  a  blockade  is 
fully  attained,  so  that  an  enemy  is  really  relieved  of  the  necessity  of 
keeping  a  strong  blockading  force  in  the  vicinity ;  and  in  points  where 
his  strong  force  is  present,  these  mines  and  obstructions  are.  a  most 
powerfhl  aid  to  that  force.  There  are  many  methods  of  modifying  this 
drawback,  but  none  can  neutralize  it  except  in  a  very  partial  manner 
without  the  assistance  of  the  middle  line  of  defense.  An  enemy's  force 
acting  in  squadron  requires  a  massing  of  the  vessels  of  the  outer  line 
into  squadrons  to  act  against  it.  An  active  enemy  using  vessels 
singly  requires  the  most  constant  movement  of  the  individual  vessels 
of  the  outer  line  to  keep  him  off.  In  these  cases  a  single  vessel  may 
keep  several  constantly  confined  to  one  portion  or  stretoh  of  coast  to 
guard  it.  Thus  the  outer  line  is  rendered  liable  at  any  time  to  be  called  . 
off  £rom  even  the  defense  of  a  most  important  point,  to  meet  and  check 
or  drive  off  a  concentrated  movement  at  some  other  i>oint. 

doming  now  to  the  second  or  middle  line  of  defense,  we  find  its  duties 
to  be:  To  inaugurate  a  living  defense  of  the  approaches,  that  can  distin- 
guish friend  from  foe;  that  shall  by  its  mobility  and  strength  effectually 
bar  the  way  to  the  sudden  incursions  of  single  vessels  of  the  enemy,  thus 
permitting  commerce  to  fireely  pass  in  and  out  up  to  the  last  moment; 
that  shall  assist  the  fortification  to  guard  the  mines  from  counter-mining; 
that  shall  leave  the  ships  of  the  outer  line  the  greatest  freedom  possiDie 
in  movement,  so  that  their  sudden  withdrawal  at  a  call  or  in  chase  shall 
not  leave  a  point  open  to  attack :  that  shall  finally  render  a  blockade 
by  the  enemy  a  hazardous  undertaking,  forcing  him  to  haul  off  the  coast 
at  night;  and  that  shall  prevent  him  from  taking  up  a  position  for  bom- 
bardment out  of  reach  of  the  fortifications  and  mines,  and,  in  case  of 
mSleS  on  the  coast  between  squadrons,  that  can  advance  and  take  part. 

To  keep  the  approaches  constantly  barred  to  the  enemy  and  open  to 
friends  is  the  specific  duty  of  the  coast  defense.  It  is  of  the  same  nature 
the  world  over,  being  unaffected  in  this  respect  by  either  the  political 
or  geographical  situation  of  the  country.  In  the  United  States,  how- 
ever, the  iny^ortance  of  this  part  of  a  war  programme  is  superior  to  that 
of  all  others,  since  in  a  war  with  any  country  except  England  or  Mexico, 
the  first  attack  on  national  territory  must  be  on  the  coast,  and  with 
England  the  danger  to  the  coast  is  greater  than  that  to  the  Northern 
boMer.  Naturally,  then,  in  developing  a  defensive  power,  the  coast 
defense  should  receive  the  first  attention. 
4953  OR 12 
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Examining  the  present  condition  of  our  coast  defenses,  it  will  be  foond 
that  the  inner  line  is  the  best  provided.  Whatever  may  be  the  deficien- 
cies of  the  fortresses,  the  channel  protections  can  quickly  be  made  avail- 
able. Technical  knowledge  is  here  of  far  more  vital  importance  than 
actnal  material,  and,  thanks  to  the  schools  of  Newport  and  Willets 
.  Point,  the  United  States  is  in  a  position  to  hold  its  own  with  the  world, 
so  that  in  case  of  an  outbreak  this  part  of  the  defense  conid  be  quickly 
and  effectually  put  in  operation,  and  thus  be  of  great  service  in  allow- 
ing time  for  the  full  development  of  the  other  lines.  ' 

As  has  been  shown,  however,  this  channel  protection  is  open  to  de- 
struction by  an  active  .enemy,  and  requires  a  vigilant  guard,  Just  as 
much  as  an  army  requires  outposts. 

Attention  is  here  called  to  an  invention  now  regarded  with  great 
favor,  which  has  been  introduced  in  G^many,  France,  and  Austria,  and 
for  the  purchase  of  which  Italy  is  negotiating.  It  is  a  system  of  mines 
(the  invention  of  an  Austrian  naval  offtcer),  that  may  be  laid  down  by  a 
vessel  running  at  slow  speed  in  such  a  manner  as  to  effectually  close 
an  approach.  The  system  may  be  taken  up  almost  as  quickly  as  it  is 
laid  down,  and  in  this  manner  approaches  may  be  left  free  until  the 
danger  is  actually  in  sight. 

Passing  to  the  outer  line  of  defense,  it  is  found  to  be  lamentably  weak, 
although  it  exists  to  a  certain  degree  and  gives  evidence  of  develop- 
ment. •  This  line  is,  however,  one  that  cannot  be  quickly  established* 
Years  are  required  to  build  a  single  ironclad,  and  it  is  almost  beyond 
possibility  to  arrive  at  the  construction  of  more  than  one  at  a  time  dur- 
ing peace.  With  regard  to  the  unarmored  vessels,  we  have  yet  to  test 
the  amount  of  their  value  (which  seems  to  be  very  great)  in  this  line  as 
it  will  probably  be  several  years  before  enough  of  them  will  be  afloat  to 
make  any  effective  combination  whatever. 

The  second  line  of  defense  in  all  navies  consists  of  torpedo-boats, 
with  what  are  known  as  floating  gun-carriages  and  torpedo  gunboats 
as  supporters.  This  line  with  us  has,  in  point  of  fact,  no  existencd 
whatever,  although  the  weakness  of  the  first  Une,  the  time  required  in 
war  to  strengthen  that  line,  the  innate  power  of  the  second  or  middle 
Une  itself,  and  the  necessity  of  its  existence  as  a  guard  over  the  inner 
line,  all  imperatively  demand  its  development.  Without  the  existence 
of  an  outer  line  the  middle  and  inner  ones  can  keep  the  enemy  off, 
break  a  blockade,  and  frustrate  operations.  With  the  partial  develop- 
ment of  a  middle  line,  concentrations  can  readily  be  made  that  will  en- 
able the  inner  line  to  be  developed  with  the  greatest  speed.  Without 
the  middle  line  our  outer  line  is  utterly  powerless  to  spread  its  support, 
and  the  inner  one  is  in  constant  danger. 

In  scanning  the  coast  defense  development  all  over  Europe  it  will  be 
found  that,  whilst  the  fortresses  are  incomparably  stronger  than  our  own, 
their  strengthening  has  been  of  a  very  gradual  nature,  and,  as  artillery 
improves,  the  rearmament  of  the  coast  forts  is  the  last  strengthening 
carried  out 

The  channel  defenses,  being  a  matter  mainly  of  technical  education, 
cannot  be  measured  in  its  development,  and  in  so  far  as  the  education 
is  concerned  we  are  not  behindhand.  In  the  outer  line,  our  attention 
has  been  constantly  turned  to  the  construction  of  the  great  iron  dads. 
The  fleets  are  large,  and  immense  expenditures  are  made  to  increase 
their  number. 

Oonsidering  the  second  or  middle  line,  we  find  nearly  every  navy  in 
the  world  witti  a  full  schedule  of  floating  gun-carriages  and  torpedo- 
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gnnboats,  the  result  of  a  constant  growth  since  1869.  With  the  torpedo- 
boats,  however,  the  development  becomes  at  once  strikingly  marked. 
In  1873  there  was  one  builder  in  the  world  (Thomycroft).  In  1883  we 
connt  as  bnilders  exclnsively  devoted  to  this  work  two  in  England, 
two  in  France,  three  in  Italy,  three  in  Germany,  two  in  Enssia,  and  one 
in  Austria.  To  induce  such  a  rapid  increase  there  must  be  a  powerful 
support.  Within  the  past  year  we  find  Government  orders  given  for 
not  less  than  90  first-class  torpedo-boats  of  over  90  feet  length.  Finally, 
we  find  the  youngest  and  most  enterprising  naval  establishment  of  the 
world  (Gktrmany)  devoting  almost  one-fourth  of  itls  entire  naval  appro- 
priation ($4,000,000)  to  the  immediate  construction  and  equipment  of  70 
torpedo-boats,  with  an  additional  demand  for  45  more  to  be  constructed 
as  soon  as  these  are  finished. 

It  is  evident,-  therefore,  that  in  our  naval  development  the  coast 
defense  is  of  vital  importance,  and  that  the  middle  or  torpedo-boat  line 
requires  the  very  first  attention. 

In  determining  the  amount  of  material  and  its  cost  necessary  for  an 
efficient  constitution  of  this  second  or  middle  line,  it  seems  best  to  first 
make  an  estimate  of  the  war  strength  absolutely  requisite*  Having 
this  and  knowing  the  time  required  to  build  and  fit  out  a  single  element, 
the  requisite  peace  strength  may  be  deduced  which  is  necessary  for 
creating  sufficient  technical  and  practical  skill  for  war  emergencies,  and 
for  distributing  a  proper  degree  of  building  skill  which  will  make  it 
possible  to  quickly  raise  the  strength  from  a  peace  to  a  war  footing. 

The  first  step  in  this  investigation  is  evidently  the  most  difficult  one, 
as,  aside  from  the  fact  that  ideas  differ  widely  as  to  what  the  United 
States  should  consider  a  war  strength  in  any  detail,  positive  experience 
is  lacking  as  to  the  exact  strength  of  the  individual  torpedo-boat  as 
measured  by  its  capability  of  keeping  the  vessels  of  an  enemy  at  a 
distance. 

In  making  an  estimate  the  following  limitations  have  been  observed: 

1st.  Weight  has  been  given  to  the  probable  support  of  gunboats, 
vessels  of  the  outer  line,  and  steam-launches  in  support  of  the  torpedo- 
boats  during  their  difi'erent  services. 

2d.  Only  the  defense  of  the  most  important  commercial  centers,  naval 
depots,  and  entrances  to  water-routes  are  allowed  for,  and  the  torpedo- 
boats  are  supposed  to  be  collected  in  divisions  at  these  points  to  per- 
form work  in  the  immediate  vicinity.  Such  w>nld  certainly  be  the  first 
disposition  on  the  outbreak  of  war. 

3d.  The  divisions  are  supposed  to  be  able,  at  need,  to  fhmish  a  cer- 
tain amount  of  mutual  assistance  and  re-enforcement  within  certain 
limits,  these  limits  being  the  boundaries  of  coast  defense  districts,  and  the 
divisions  thus  furnishing  mutual  support  forming  independent  flotillas. 

4th.  Three  boats  are  considered  as  forming  the  smallest  division  that 
.  can  do  effective  work  under  the  majority  of  circumstances. 

5th.  The  mean  size  of  these  boats  is  considered  to  be  represented 
by  the  French  and  German  98-foot  boats,  which  are  the  smallest  ones 
thoroughly  capable  of  acting  independently  in  all  weathers  and  posi- 
tions. In  estimating  the  complements  required  for  these  Boats,  one 
officer  is  allowed  to  each,  a  full  crew  of  fourteen  men  to  each  active 
boat,  and  half  crews  to  each  reserve  one. 

The  reasons  governing  the  assignment  of  certain  numbers  of  boats 
to  each  division  have  been  carefully  considered,  and  each  number  has 
been  fixed  only  after  a  careful  consideration  of  the  circumstances  con- 
nected with  the  defense  of  each  place.    The  summary  is  as  follows : 
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war  Btrength  im  iorpedo-hoata  required  for  the  coaei  dtfemee  of  ^ 
United  States. 
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Accepting  90  torpedo-boats  as  the  minimum  number  to  provide  effect- 
ive means  of  defense  in  time  of  war,  to  what  extent  may  tiiis  number 
be  economically  reduced  and  still  render  it  possible  to  attain  the  full 
strength  in  time  to  prevent  an  enemy  from  profiting  by  the  reduction f 

In  the  first  place,  all  wars  that  have  occurred,  during  the  past  fifty 
years  certainly,  have  practically  proved  that  naval  hostilities  produce 
decisive  results  in  less  than  three  months  from  the  outbreak  of  hostili- 
ties. Secondly,  in  order  that  boats  should  be  built  with  adequate 
rapidity,  a  knowledge  of  the  special  building  requirements  is  absolutely 
necessaiy,  and  this  knowledge  scarcely  exists  with  our  mercantile  build- 
ers at  present.  Thirdly,  the  effective  management  of  these  boats,  and 
the  peculiar  nature  of  the  service,  make  of  it  an  important  specialty  of 
the  naval  oflicer's  profession.  This  special  knowledge  can  only  be  ob- 
tained by  extended  practice,  and  falls  entirely  outside  of  the  capabili- 
ties of  those  who  have  not  received  a  thorough  practical  training.  In 
the  case  of  a  war,  when  the  personnel  of  the  If  avy  would  be  suddenly  in- 
creased, neither  the  volunteer  fireman,  machinist,  nor  offtcer  would  be 
fitted.  The  personnel  of  this  branch  must  be  made  up  of  picked  men, 
thoroughly  trained.  Lastly,  to  superintend  the  very  rapid  building  of 
these  lK)ats  officers  and  men  must  be  detailed  to  watch  and  superintend 
the  construction,  that  they  may  be  familiar  with  every  detail. 

To  determine  a  peace  strength  that  will  furnish  the  necessary  instruc- 
tion to  builders  and  personnelj  the  reserve  may  be  struck  out  without 


ORDNANCE   AND   WAR   SHIPS.  181 

diflabling  the  force^  and  the  pctints  to  be  defended  may  be  divided  into 
two  categorieB  according  to  the  degree  of  importance  and  probability  of 
attack  within  the  time  allowed  for  strengthening  the  entire  flotilla. 
By  withdrawing  the  defense  of  the  points  of  the  second  category,  leav- 
ing them  to  the  defense  of  the  inner  line,  with  a  chance  of  aid  from  tiie 
boats  retained  in  the  first  category,  the  following  reductions  may  be 
made: 
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Si^ 
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Second  dlBtriot 
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8 
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s 
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4 
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This  estimate  gives  a  peace  strength  equal  to  less  than  one-fonrth  of 
the  war  strength,  and  this  strengtii  properly  handled  could,  without 
doubt,  make  itself  of  inestimable  value  in  keeping  an  enemy  at  a  re- 
spectful distance  during  the  first  months  of  preparation. 

Thirty -four  boats  being  considered  the  least  number  proper  for  a  peace 
establishment,  the  highest  interests  would  seem  to  be  served  in  provid- 
ing them  at  once,  as  is  the  case  with  Germany.  But  our  builders  (hav- 
ing had  no  experience  in  this  work)  could  not  meet  such  a  demand,  and 
it  would  be  very  difficult  to  secure  a  sufficient  appropriation  for  the  ob- 
ject. A  sufficient  number,  however,  should  be  purchased  from  European 
manufacturers  to  serve  as  models  and  to  provide  a  sufficiently  large 
flotilla  with  which  to  commence  the  training  of  officers  and  men. 

In  this  way  not  only  is  a  boat  of  the  most  improved  pattern  in  every 
respect  secured,  but,  what  is  of  more  value,  working  drawings  will  be 
secured  which  would  be  of  the  greatest  aid  to  builders.  Again,  pro- 
vision must  be  made  in  arranging  for  building  ourselves,  to  as  far  as 
possible  gain  the  power  for  each  coast  district  to  provide  its  own  boats. 
The  immense  extent  of  the  coast  and  amount  and  variety  of  the  work 
to  be  done  in  establishing  a  thorough  defense  makes  this  all-important. 
Very  respectfully, 

BDWAED  W.  VBET, 
Ueutenantj  United  States  JTovy. 

Hon.  Wm.  E.  OHAimLEB, 

Secretary  of  the  Ifawy. 


APPENDIX. 

The  table  at  the  commencement  of  the  following  description  is  arranged  for  the 
pnrpoBe  of  giving  a  preliminary  idea  of  the  general  steps  followed  in  the  development 
of  the  size,  speed,  endnrance,  and  power  of  torpedo-boats.  Five  examples  are  chosen 
as  type  models,  as  foUows : 

1st.  Boat  No.  1,  the  first  special  faet  torpedo-boat  ever  bnilty  designed  and  oon- 
stnioted  by  Thomyoroft  for  the  Norwegians. 

2d.  The  Lightning,  the  first  boat  ever  bnilt  for  harbor  and  coast  work  of  an  inde- 
pendent nature.    Designed  and  constructed  by  Thomycroft  for  the  English. 

3d.  The  normal  second-class  boat  as  now  bnUt,  to  form  a  part  of  the  torpedo  i 
ment  of  ironclads,  and  heavy,  nnarmored  cmisers. 
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4ih.  The  Batnm,  the  first  oraisiiig  torpedo  boat  erer  built.  Deeigned  and  oou- 
Btmeted  by  Yarrow  for  the  BnflsiaDS. 

5th.  The  Snchum,  the  largest  cmifiing  torpedo  boat  as  yet  built,  and  considered  to 
represent  the  mazimnm  size  to  which  the  onannored  boat  will  be  carried.  Designed 
and  constmoted  by  Thomycxoft  for  the  Bnssians. 

D&Mlopmmi  of  ike  iarpedo-^qat. 
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The  Norwegian  boat  differed  radically  in  every  respect  from  any  other  fighting  boat 
that  had  ever  been  previously  bnilt,  thns  famishing  a  distinct  type.  Her  pecnliaritiea 
may  be  summarized  as  follows :  8teel  frames  and  plating ;  great  length  in  propor- 
tion to  beam ;  no  sheer  at  all ;  extremely  fine  lines ;  division  into  six  water-tight  com- 
partments ;  complete  deck  covering ;  compound  engines  with  independent  pumps 
and  surface  condenser ;  forced  draft  under  the  grate-bars ;  and  the  screw  abaft  the 
rudder.  Her  armament  was  a  towing  torpedo  somewhat  similar  to  the  Harvey,  which, 
it  will  be  remembered,  was  the  most  popular  of  the  naval  torpedoes  in  1872-^75. 

In  so  far  as  the  general  model  of  the  boat  is  concerned  no  alteration  has  taken  plaoe 
of  any  note  since  tnat  time.  Up  to  about  1860  all  boats  had  vertical  stems,  but  since 
then  the  invariable  rule  has  been  to  give  them  pronounced  and  strengrthened  ram- 
bows.  This  modification  was  introduced  as  a  result  of  the  bad  ruptures  to  the  bows 
of  several  boats  which  had  collided.  There  has  been  one  exception  to  this  rule  which 
developed  a  point  worthy  of  notice.  Shortly  after  the  construction  of  the  Batnm 
the  Danes  oraered  a  similar  boat.  On  her  trip  from  London  to  Copenhagen  it 
was  found  that  the  swell  of  the  lines  of  the  ram-bow,  occurring  just  forward  of  the 
mouths  of  the  torpedo  tubes,  carried  the  water  up  asainst  the  tube-stoppers,  inter- 
fering with  the  boat's  speed  and  steering  power.  When,  the  next  year,  the  Danes 
ordered  the  Delfinen  (a  sister  boat)  they  gave  her  a  straight  stem,  so  that  the  mouths 
of  the  torpedo  tul>es  came  almost  abreast  the  stem-post.  It  was  found  that  this 
alteration  entirely  cured  the  bad  water-lift.  However,  since  that  time  improvements 
have  been  made  so  that  at  present  the  tubes  do  not  project  beyond  the  skin  of  the 
boats,  so  that  the  ram-bow  presents  no  di£Qculty.  This  point  is  only  noted  in  case  it 
should  be  found  expedient  hereafter  to  project  the  torpedo  tubes. 

In  all  the  first  boats  the  screw  was  abaft  the  rudder,  and  Yarrow  still  adheres  to 
this  disposition,  although  it  presents  serious  service  objections,  as  will  be  shown. 
About  1878  Thorny  croft  shifted  the  screw  to  its  normal  position ;  shortly  afterwards, 
the  lower  part  of  the  stem-frame  was  cut  completely  away,  and  the  screw-shafb  was 
given  an  inclination  such  as  to  bring  the  hub  of  the  screw  on  a  line  with  the  keel, 
the  lower  part  of  the  rudder  being  hung  to  an  attachment  on  the  hub  itself.  An 
interesting  series  of  experiments  was  carried  on  by  Yarrow  in  1879  with  regard  to 
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the  podtion  of  the  screw.  In  that  year  a  Herreehoff  boat  waa  sent  to  England  to 
compete  with  the  Engliah  boats^  and  in  thia  boat  the  screw  was  entirely  ondemeath,  and 
about  two-thirds  aft  of  the  midship  section.  Greater  speed  and  turning  power  was 
claimed  for  this  disposition.  The  Italian  Goyemment  directed  Yarrow  to  test  the  ar- 
rangement in  a  first-class  boat,  then  being  bnilt  for  them.  In  this  boatthe  screw  was  first 
tried  in  the  Herreshoff  position,  then  midway"  between  that  and  the  normal,  and  finally 
in  >the  normiEd  position.  In  all  three  cases  the  engines  developed  480  indicated  horse- 
power, the  speeds  beine  as  follows :  Herreshoff  position,  18.3  knots ;  midway  position, 
19.2 ;  normal  position,  20.7  knots.  Much* of  this  difference  Yarrow  ascribed,  and  with 
reason,  to  an  increase  of  skin  friction  in  the  first  two  positions  caused  by  filling  in 
the  ordinary  screw  aperture  and  altering  the  after-body  to  allow  the  screw  to  go 
under  the  bottom.  All  boats  are  now  built  with  the  screw  in  the  normal  position, 
except  Yarrow's,  as  above  stated. 

There  have  been  several  alterations  in  the  rudder  of  minor  imiK>rtance,  prindpaUy 
due  to  alterations  in  position  of  the  screw ;  in  regard  to  shape,  uie  fish-tail  seems  to 
be  preferred.  In  1878  Thomycrofb  introduced  apatent  steam  steerer,  which  is  now 
universally  used  in  first-class  boats.  In  1879  lacrow  introduced  the  bow-rudder, 
which  is  now  universal  in  the  large  boats.  This  rudder  is  hauled  up  like  a  center- 
board  when  not  in  use,  and  is  so  connected  to  both  <the  hand  and  steam  gear  of  the 
after  rudder  that  the  two  can  be  used  together  or  separately  at  wiU.  The  bow-rud* 
der  is  considered  one  of  the  most  important  of  the  improvements,  as  aside  from  the 
increased  tnmine  power  it  gives  full  control  of  the  boat  under  stemway. 

The  plates  ana  frames  of  the  boats  were  at  first  simply  cleaned  and  oarefiolly 
painted,  but  since  1877  all  the  material  is  galvanized. 

In  the  first  Norwegian  boat,  only  the  fore  and  after  peaks,  engine  and  boiler  room 
were  permanently  decked  over,  the  remaining  spaces  being  covered  with  movable 
plptes.  In  the  next  boats,  however,  and  universally  since,  the  deckiuff  is  complete 
fore  and  aft.  The  Lightning  carried  a  booby  aft  in  order  to  allow  standing  erect  in 
the  cabin,  but  since  then  this  arrangement  has  been  suppressed,  the  constant  ten- 
dency being  to  keep  everythiug  possible  as  near  the  gunwale  level  as  may  be.  As  a 
rule,  the  boiler  and  engine  room  sections  of  the  boats  are  the  highest,  except,  of 
course,  the  pilot-house.  The  German  first-class  boats  even  succeeded  in  carrying  a 
flat  deck  fore  and  aft,  with  a  crown  only  slightly  greater  than  the  ordinary  deck- 
rule.    Sky-lights  are  carried  by  these  boats  with  battle-plates  provided  underneath. 

The  first  armament,  as  before  stated,  waa  the  towing  torpedo,  towed  fiN>m  the  top 
of  the  smoke^pipe  in  the  Norwegian  boat  and  firom  a  permanent  staff  in  the  others. 
The  inefficiency  of  this  weapon  being  soon  discovered,  it  was  replaced  by  the  spar 
torpedo,  boats  as  a  rule  carrying  two  spars  launching  from  the  Im>ws.  Aoout  1^, 
the  spar  torpedo  gave  way  to  <the  Whitehead,  with  which  the  Lightnins  was  pro- 
vided. This  torpedo  was  at  first  (on  the  Lightning  and  boats  of  her  class  &  England) 
discharged  from  the  Whitehead  torpedo  gun  by  compressed  air  acting  on  a  piston 
against  the  rear  of  the  torpedo.  The  gun  was  mounted  in  the  bow  and  pivoted  so  as 
to  give  an  arc  of  discharge  of  about  270^.  Two  reserve  torpedoes  were  carried  on 
trucks  just  abaft  the  gun.  By  this  method  a  good  train  was  obtained  without 
turning  the  boat,  but  it  left  all  the  torpedoes  up  in  the  air  as  an  element  of  grettt 
danger  in  case  of  a  torpedo  being  hit  by  a  projectile,  and  for  this  roason  the  sys- 
tem was  never  favored  outside  of  England.  In  all  other  boats  the  torpedo  is  dia- 
charged  fh>m  tubes  buUt  into  the  boat  and  opening  near  the  water-line  forward, 
like  immense  hawse-holes.  The  discharge  through  these  tubes  is,  in  the  first-olaM 
boats,  by  compressed  air,  as  with  the  gun.  Two  tubes  aro  carried  with  two  reserve 
torpedoes,  which  are  carried  in  the  men's  quarters  amidships  and  bulkheaded  as  an 
additional  protection.  They  are  raised  by  radius-rods  to  the  loading  position.  In 
the  late  and  large  boats  the  discharge  tube  is  doubled  in  length  with  a  gate  in  the 
middle,  the  reserve  torpedoes  being  carried  in  the  after  half,  so  that  the  reloading  is 
simplified.  In  both  methods  the  men  aro  not  exposed  nor  aro  the  torpedoes  in  re- 
loading. In  all  cases,  the  tube  is  considered  to  ftunlsh  sufficient  protection  to  the 
torpedo  within  it.  In  the  second-class  boat  all  of  these  methods  wero  found  to  en- 
tail too  much  weight,  and  so  could  not  be  applied.  In  1877  Thomycroft  invented  a 
cagje  hung  ftom  davits  which  worked  like  monitor  davits.  The  cage  was  carried 
amidships  so  that  when  lowered  the  torpedo  went  just  under  water,  and,  laid  in 
a  foro  and  aft  line,  it  was  discharged  by  starting  ahead  under  its  own  scrow.  Thia 
system  was  found  to  be  ineffectual,  as  it  necessitated  slowing  down  the  boat  to  a 
roeed  of  not  over  three  knots.  In  1870  Yarrow  inlvoduced  a  system  of  steam  discharge. 
The  forward  deck  of  the  boat  is  shi^ed  into  two  parallel  troughs  with  covers  thiat 
hin^  and  clamp.  The  torpedoes  stow  permanently  in  these  troughs,  the  roar  end 
resting  against  a  piston-head,  which  is  tne  discharger.  The  piston  itself  is  simplv  a 
hollow  tube  encased,  the  small  size  of  the  boat  and  the  angle  of  discharge  bringing 
its  position  in  the  boiler-room  close  to  the  boiler,  so  that  it  is  always  warmed  and 
ready  to  develop  the  full  power  of  the  steam.  Steam  is  injected  when  desired  and, 
after  the  discharge,  is  exhausted  into  the  condenser.    This  apparatus  is  compact  and 
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light.    It  gives  to  the  bow  of  the  boat  a  tnrtle-baok  deok,  which  in  so  small  a  boat  is 
rather  an  advantage. 

The  water-tight  division  of  the  Norwegian  boat  consisted  of  six  oompartments, 
viz :  Fore-peaky  used  as  a  store-room ;  fore-sheets,  open  and  provided  with  seats  for 
the  crew ;  pilot-house,  covered  with  i^inch  plate ;  boiler  and  engine  room  in  one 
and  coveied  with  iV^i^ch  plates ;  stern-sheets,  open  and  provided  with  seats;  after- 
peak,  used  as  a  store-room.  As  the  boats  increased  in  size  and  were  improved  this 
compartment  division  increased  until,  in  the  present  flrst-class  boats,  it  is  usually  as 
follows :  Eight  fhll,  and  2  or  4  partial  compartments  (bunkers,  Ao.).  The  full  com- 
partments are,  fore-peak,  or  collision  compartment,  unused ;  forward  compartment, 
used  as  a  store-room ;  berth-d^k,  for  tiie  crew,  and  also  contidning  the  reserve  toi^ 
pedoes;  smoke-box  room,  containing  the  forward  end  of  the  boiler ;  boiler-room  (in. 
the  Yarrow  boats  this  compartment  is  subdivided  as  will  be  hereafter  explained) ; 
euffine-room,  officers'  quarters }  after-peak,  used  as  a  store-room. 

Junportant  modifications  hAve  been  introduced  to  provide  for  draft,  safety  of  fire- 
men, and  rapidity  of  raisins  steam,  f^vision  is  made  for  exhausting  the  steism  ftom 
the  boiler,  either  directly  hito  the  condenser  or  directly  into  the  air.  Bilge-pumps 
and  steam-ejectors  are  provided  for  olearinff  the  compartments  of  water,  and  arrange- 
ments are  niade  so  that  all  the  pumps  may  oe  put  at  this  work,  as  well  as  from  2  to  4 
hand-pomps.  Water  entering  any  of  the  compartments  runs  through  valves  in  the 
bulkheads  to  a  well  in  the  engine-room,  although  where  ejectors  are  provided  the 
compartments  mav  be  emptied  independently,  in  the  bilge  of  the  boiler-room  the 
water  runs  through  pipes  to  prevent  carrving  dirt  to  the  pumps.  In  the  second-class 
boats  an  arrangement  la  provided  for  taking  steam  from  a  ship's  main  boiler  to  aid  in 
getting  up  steam  rapidly.  This  arranffcment  consists,  in  the  main,  of  an  injector 
pipe  entering  the  bottom  of  the  boiler  m>m  a  valve  on  deck  to  which  a  flexible  pipe 
runs  fh>m  the  ship's  main  boiler ;  a  branch  also  runs  from  this  valve  to  the  ventilator 
engine.  The  boiler  being  filled  and  fires  started,  the  steam  is  turned  on,  thus  rapidly 
heating  the  water  in  the  boiler,  and  at  the  same  time  pushing  the  fire  by  giving  a 
draft  Steam  may  be  raised  to  60  pounds  in  about  ten  minutes. 
'  Thomycroffs  invention  for  preventing  a  rush  of  steam  or  fiame  into  the  fire-room 
in  case  of  a  leak  into  the  fire-oox  or  a  back  pressure  consists  in  an  arrangement  of 
flaps  huns  at  the  firont  of  the  ash-pit  in  such  a  manner  that  the  air-pressure  in  the 
air-tight  fire-room  keeps  them  open;  on  a  sudden  back  draft, however,  they  automat- 
ically shut;  the  furnace  door  secures  with  a  strong  spring  catch.  To  prevent  over- 
pressure in  the  flire-box  firom  a  rush  of  steam,  a  connection  is  made  by  a  pipe  from  the 
ash-pit  to  the  deck,  closed  at  that  point  by  a  spring  valve  which  lifts  under  high 
pressure. 

Yarrow's  method  of  providing  for  this  contingency  is  quite  different.  In  his  boats 
an  air-tight  bulkhead  extends  from  the  front  edge  of  the  boiler  to  the  sides  of  the 
boat,  thus  makinff  a  separate  boiler  and  fire  room.  The  ash-pit  is  entirely' closed  in 
front  (of  the  boiler)  and  is  open  at  the  rear  directly  under  the  boiler.  In  the  bulk- 
head, on  either  side^  is  a  manhole  provided  with  a  flap  similar  to  the  Thornycroft 
one.  The  pressure  in  the  air-tight  fire-room,  as  before,  keeps  these  flaps  open  and  a 
sudden  back  pressure  closes  tliem.  The  sreat  advantage  of  ibis  svstem  is  that  it  pro- 
vides for  a  shot  entering  the  boiler,  which  the  other  does  not.  Thornycroft  has  coal- 
bunkers  on  each  side  oi  the  boiler.  With  Yarrow's  arrangement  this  is  not  done  and 
the  boiler-room  necessarily  becomes  a  c^lear  waste  space,  reducing  very  materially  the 
coal  supply.  This  was  one  of  the  principal  faults  of  the  Batum.  With  both  these 
inventions  no  proviso  is  as  yet  made  for  the  case  of  an  open  furnace-door  when  an 
accident  occurs. 

Yarrow  introduced  an  arrangement  to  provide  for  the  case  of  leak  occurring,  which 
endangers  the  fires  by  the  water  rising  in  the  boiler-room.  In  this  the  whole  fire- 
box is  encased  up  to  the  water-line,  the  draft  passing  inside  the  casins,  and  the  fur- 
nace-door is  made  water-tight.  The  water  is  thus  kept  out  of  the  ash-pit  and  famace, 
and  time  is  allowed  for  feeding  a  full  supply  of  coal,  amounting  to  nearly  half  a  ton, 
which  is  sufficient  to  run  the  boat  40  miles.  The  door  is  then  shut,  and  thus  steam  is 
maintained  for  running  and  pumping  until  clear  of  danger.  Yarrow  has  also  intro- 
duced improvements  in  the  details  of  the  furnace,  fire-box,  and  tubes,  so  as  to  greatly 
remedy,  if  not  cure,  the  liability  to  leak  when  sudden  changes  of  temperature  give 
rise  to  unequsl  expansions  and  dirinkages.  Arrangements  are  made  for  sweeping  out 
the  tubes  when  running.  The  smoke- box  doors  are  covered  with  asbestos,  and  so 
arranged  as  to  open  independently,  permitting  the  firemen  to  shelter  themselves  be- 
hind one  door  while  sweeping  out  the  tubes  of  the  other  half  of  the  boiler.  This 
necessitates  a  great  reduction  in  the  steaming,  and  the  use  of  the  natural  draft  alone. 
Steam  pressure  is  lost  during  the  operation. 

TORFEDO  PINNACES. 

The  second-class  boats  are  in  no  way  fitted  for  the  general  service  of  a  ship,  and 
when  carrid  by  a  man-of-war  must  be  kept  like  the  rest  of  the  armament  for  the 
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special  service  for  which  they  were  designed.  This  has  caused  some  dissatisfaetion 
on  the  part  of  naval  officers,  and  in  point  of  fact  the  scope  of  the  utility  of  these  boats 
is  clearly  brought  in  question  in  the  German  Reichstag  report,  which  intimates  that 
the  worK  of  providing  the  ironclads  with  special  torpedo-boats  has  been  partially 
stopped. 

Yarrow  A,  Co.,  to  meet  this  dissatisfaction, have  designed  a  special  form  of  steam- 
pinnace,  intended  to  be  equally  well  adapted  for  guard  duty,  torpedo  work,  and  gen- 
eral service.  The  dimensions  of  this  boat  are :  Length,  54  feet ;  beam,  9  feet ;  weight 
complete,  with  torpedo  armament,  10}  tons ;  horse-power,  150 ;  speed,  15  knots.  The 
boat  is  of  steel,  and  has  open  stem-sheets  of  the  ordinary  steam-launch  pattern.  In 
the  bow  a  Whitehead  launchinff-tube  is  fixed,  which  may  be  unshipped  iidesired  and 
replaced  by  a  gun  or  by  freight.  The  reduction  in  speed  is  made  up  by  increased 
handiness,  and  from  the  description  it  would  seem  to  be  a  more  desirable  pattern  for 
ship  service  than  the  second-class  boat. 

THB  BATUM. 

This  boat  is  100  feet  long,  1^  feet  6  inches  beam,  and  has  a  load  draught  of  2  feet  8 
inches  forward  and  4  feet  aft.  The  hull  is  built  entirely  of  steel.  The  thickness  of 
the  bottom  plates  and  the  middle  strake  of  the  deck  plating  is  about  A  uich  (No.  8 
wire  gauge) ;  the  other  plating  is  much  thinner.  The  bottom  of  the  boat  is  quite  flat, 
there  being  no  keel  whatever,  in  place  of  which  there  is  a  slight  rounding. 

This  arrangement  is  considered  very  faulty  by  Lieutenant  Sazaremy,  of  the  Russian 
navy,  who  commanded  the  Batum  on  her  passage  from  London  to  Nickolaieff,  on 
accoant  of  the  tendency  of  the  boat  to  roll  and  to  list  q^uickly.  He  advises  the  at- 
tachment of  a  keel  of  about  9  inches  depth,  together  with  a  slight  modification  of 
the  bottom  lines. 

The  boat  is  divided  by  seven  bulkheads  into  eight  water-ti^ht  compartments,  as 
follows:  Fore-peak,  forward  compartment,  torpedo  and  berthing  room,  smoke-box 
room,  boiler  and  fire  room,  engine-room,  omcenr  room,  and  after-peak. 

Nothing  whatever  is  stowed  in  the  fore-peak,  which  is  connected  with  the  forward 
compartment  by  a  manhole. 

At  sea  this  compartment  was  almost  always  full  of  water,  partly  on  account  of  de- 
fective riveting  of  the  bottom  plates,  partly  through  defective  Jointing  of  the  torpedo 
tube  with  the  Dow-plates. 

In  the  forward  compartment,  the  t4>Tpedo  magazines  were  stowed  on  one  side,  paint 
and  oil  on  the  other. 

In  the  berthing-room  are  eight  bonks  at  the  sides,  in  two  tiers,  the  galley,  a  ma-, 
chinist  and  carpenter's  work-bench,  a  chest  for  the  clotiiing  of  the  crew,  and  a  water- 
closet.  This  compartment  is  also  the  torpedo-room,  and  carries  two  torpedoes,  the  air« 
pump,  and  the  regulator. 

Between  the  boiler-room  and  the  berthing-room  is  the  smoke/>box  room,  where  the 
fire-tubes  are  cleaned.    In  order  to  do  this  work  a  manhole  is  cut  in  the  bulkhead. 

The  boiler  and  fire  room  is  cut  in  two  bv  the  Yarrow  compartment. 

Lieutenant  Sazaremy  states  that  in  all  his  experience  with  torpedo-boats  he  has 
never  seen  the  necessify  of  this  arrangement,  which  possesses  several  objectionable 
features.  Leaving  out  of  consideration  the  special  idea  for  which  it  was  mtroduced, 
he  found  that  it  was  impossible  to  stow  any  coal  in  this  boiler-room,  as  it  would  inter- 
fere with  the  draft  goins  to  the  ash-pit,  and  so  would  affect  the  steaming  power.  As 
in  the  passage  from  Lonaon  there  never  was  a  necessity  for  carrying  hign  steam,  and 
so  a  minimum  of  coal  could  be  carried,  he  found  it  barely  possible  to  stow  3  tons.  If 
it  is  necessary  to  provide  for  the  contingencies  for  which  the  modification  was  intro- 
duced, Sazaremy  considers  the  Thomycroft  system  to  be  sufficient,  in  which  case  it 
is  po6sible«to  carry  4  tons  between  the  boiler  and  the  side  of  the  boat.  No  coal-stowing 
place  is  even  provided  in  the  Batum  in  the  fire-room.  During  the  passage  it  was  neces- 
sary to  carry  about  4^  tons  in  sacks  stowed  on  each  side  up  to  the  deck-beams,  and  piled 
on  the  fire-room  fioor  to  a  height  of  a  foot  and  a  half,  leaving  only  sufficient  floor 
space  to  work  the  fires  and  give  free  space  to  the  draft  from  the  ventilator  to  the  man- 
holes in  the  bulkhead.  As  the  ventilator  was  secured  to  the  engine-room  bulkhead, 
guite  a  wide  passage  had  to  be  left  free.  If  the  ventilator  had  been  put  nearer  to  the 
forward  bulkhead,  sufficient  room  would  have  been  secured  to  put  up  permanent  bunk- 
ers, whereby  the  disagreeable  whirling  of  coal-dust  about  the  fire-room  would  have 
been  avoided,  and  the  disagreeable  curaft  which  affected  the  breathing  of  the  men 
would  have  been  stopped.  If  such  a  ventilating  arrangement  be  adopted  it  can  also 
be  made  much  smaller,  as  in  such  a  case  it  would  not  have  to  keep  the  whole  fire-room 
underpressure. 

In  the  engine-room  are  the  main  and  auxiliary  engines,  a  condenser,  a  cistern  for 
ftesh  feed-water,  two  tanks  for  oil  and  tallow,  and  several  other  necessary  attachments. 
OveY  the  main  engine  is  a  sky-light  of  oval  section,  surrounding  the  cylinders,  as  the 
latter  rise  1-|  feet  above  the  deck.    In  the  after  part  of  the  engine-room  is  the  hatch- 
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way  and  ladder.    The  different  parte  of  the  engine  are  Tery  eompaot.    The  tubes  of 
the  condenser  may  be  shifted  without  moTing  it  from  its  place. 

Sazaremy  considers  that  the  eky-liffht  or  hatchway  shonld  be  made  larger,  as  the 
machinist,  when  working  the  engine,  does  not  stand  in  that  space,  but  under  the  deck, 
where  he  is  very  mnoh  hampered  by  beini;  obliged  to  stoop ;  especially  is  this  an  in- 
terference in  stopping  or  altering  speed.  Another  objection  to  this  compartment  is 
that  no  Tentilation  is  provided  lor  it.  During  the  trip  from  London  thetemperstare 
in  this  room  rose  to  156^  Fahrenheit  several  times.  No  connection  can  be  made  "with 
the  fire-room  for  ventilating,  as  the  great  amount  of  coal  dust  flying  about  there  would 
soon  interfere  with  the  working  of  the  engines.  If  Thomycroffs system  be  adopted, 
not  only  can  coal  bunkers  be  provided,  but  the  bulkhead  may  be  taken  down  al- 
together without  sacrificing  the  buoyancy  of  the  boat.  A  sill  1)  to  2 feet  high  mig^t 
be  run  across,  which  would  be  sufficient  to  keep  water  from  one  compartment  enter- 
ing the  other. 

In  the  officer's  room  are  three  bunks,  a  dining  table,  washstand,  wardrobe,  clothes 
chest,  and  water-closet. 

In  the  after  peak  are  five  water-breakers,  two  chests  for  proviidons,  two  rope-reels, 
spare  parts  of  engine-eear,  and  the  fighting-taller. 

Sazaremy  suggests  tnat  if  tanks  shaped  to  the  boat's  contour  be  substituted  for  the 
breakers,  and  several  of  the  useless  things  be  removed  from  this  compartment,  it  wooid 
give  plenty  of  room  for  a  ton  of  coal. 

Like  all  of  Yarrow's  boats,  the  Batum  has  a  very  large  turtle-back  forecastle,  ex- 
tending fully  one-third  of  tne  boat's  length.  At  the  rear  end  of  this  is  the  pilot- 
house. The  roof  of  this  house  may  be  raised  or  lowered  by  means  of  screws.  Under 
ordinary  circumstances,  it  stands  about  4  inches  above  the  edge  of  the  house,  so  that 
even  at  ni^ht  a  clear  view  is  given  all  round  the  horizon.  The  upper  edge  of  the 
pilot-house  is  6  inches  above  the  center-line  of  the  turtle-back. 

Sazaremy  considers  that  it  would  be  well  to  give  the  turtle-back  still  more  crown, 
so  as  to  pye  better  in^rress  from  the  rear  into  the  men's  quarters.  A  corresponding 
increase  m  height  of  pilot-house  is  also  considered  advisable  in  order  to  keep  out  the 
sprav  and  sea.  The  elevated  part  of  the  deck  should  be  carried  aft  to  the  compart- 
ment bulkhead  in  order  to  give  more  head-room  on  the  berth-deck. 

la  the  pilot-house  is  the  fighting-wheel,  which  can  be  used  on  both  after  and  for- 
ward rudders.  There  is  abundance  of  room  on  the  platform  for  both  the  helmsman 
and  commander.  On  the  platform  is  a  telegraph  and  speaking-tube  for  the  engine- 
room  and  the  valve  for  firing  the  torpedoes. 

Under  ordinary  circumstances,  the  bow  rudder  is  kept  hauled  up  in  its  well,  and  the 
steering  is  done  by  the  hand-wneel  on  deck.  If,  however,  it  is  necessary  to  use  the 
bow  rudder  the  steam  fighting- wheel  must  be  used,  as  the  coupling  is  to  that  arrange- 
ment. 

Water-clearing  is  provided  for  by  six  ejectors,  one  in  each  compartment  except  the 
peaks. 

The  ventilation  of  the  berth-deck  is  accomplished  by  a  small  ventilator  in  the  pilot- 
house roof  and  by  two  pi{)es  just  under  the  deck,  one  end  of  the  pipes  being  in  the 
berth*  deck  and  the  other  in  the  smoke-box  room.  The  draft  thus  ramished  by  the 
difference  in  the  temperaturo  exhausts  the  foul  air  from  the  berth-deck. 

On  deck  forward  aro  two  cranes  for  shipping  the  toi^edoes. 

Sazaremy  considers  the  cranes  too  weak,  and  a  tackle  insufficient  for  the  heavy  work, 
for  which  a  little  steam  Windlass  should  be  provided. 

The  boat  carries  one  anchor  of  200  nounds  weight  and  600  pounds  of  i-inoh  chain. 

Sazaremy  considers  this  sufficient  ror  the  trip  of  the  Batum,  as  the  anchor  always 
held  well  and  the  chain  never  broke.  In  general,  however,  he  considers  it  better  to 
have  two  anchors  and  chains.  He  also  considers  it  better  to  have  a  windlass  for  get- 
ting up  anchor,  as  it  always  roqnired  all  hands  to  get  it  in  in  getting  underway. 

The  Doat  carried  a  Thompson  compass,  which  Sazaromy  considers  shonld  be  replaced 
by  a  liquid  one,  as  the  short  rolls  of  the  boat  freouently  would  spin  the  card  around. 

The  Batum  carries  a  light  pair-oared  yawl,  10  feet  long,  3^  feet  wide,  and  weighing 
140  pounds.  It  is  built  of  cedar,  and  has  two  air-chambers.  It  can  carry  six  persons, 
and  when  filled  with  water  will  support  four.  This  boat  saffices  for  the  service  of  the 
Batum. 

The  main  engines  consist  of  a  two-cylinder  compound  direct-acting  engine.  Diam- 
eters of  cylinders,  12^  and  21  inches ;  stroke,  17-f|  inches :  indicated  horse-power,  500. 
The  condenser  is  fore  and  aft  on  the  port  side,  and  the  fresh- water  tank  on  the  star- 
board. By  this  fore  and  aft  arrangement  the  tubes  mav  be  changed  without  moving 
the  condenser,  but  in  order  to  do  it  the  greater  part  of  the  arrangements  in  the  offi- 
cers' quarters  on  the  port  side  must  be  removed,  m  order  to  get  at  the  manhole  in  the 
bulkhead  and  do  the  work. 

Sazaremy  thinks  this  arrangement  a  very  foulty  one,  as,  when  the  condenser  is  fhll, 
the  boat  has  a  list  to  port  and  her  speed  is  affected.  He  recommends  putting  the  con- 
denser in  the  forward  part  of  the  officers'  quarten  athwartships,  with  the  feed-pump 
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at  one  end  of  it,  there  being  plenty  of  room  for  this  arrangement ;  then  by  patting 
the  fiesh -water  tank  athwartships  in  the  forward  part  of  the  engine-room  so  mnon 
room  wonld  be  gained  in  this  compartment  as  to  allow  of  the  extension  of  the  ooal- 
bnnker  space  so  as  to  give  the  boat  a  supply  of  from  10  to  12  tons. 

The  piston-rods  are  hollow  ;  the^  npper  ends  of  the  cylinders  are  braced  from  the 
skylight  frames,  and  in  this  manner  the  Jar  of  the  engine  is  qnite  prevented.  All  the 
frames  in  the  shaft-alley  are  utilized  as  thmst-bearings.  The  auxiliary  engine  works 
the  circulating-pump,  feed-pump,  air-pump,  and,  in  case  of  necessity,  the  bilge-pump. 
The  injection-opening  has  two  Kingston  yalvcs,  through  one  of  which  water  goes  to 
the  feed-pump,  and  through  the  second  to  the  condenser. 

This  opening  should  be  nearer  the  bottom,  aa  it  rolls  out  of  water  in  a*  seaway,  and 
so  affects  the  vacuum. 

In  case  the  auxiliary  or  the  condenser  breaks  down,  arrangements  are  made  fbi 
working  under  high  pressure  alone.    The  screw  is  about  one  foot  abaft  the  rudder. 

The  screw  is  neither  protected  in  rear  nor  underneath.  The  slightest  contact  aft 
with  anything,  ground,  collision,  &c.,  is  sufficient  to  either  bend  or  break  off  the  thin 
blades.  Sazaremy  states  as  his  experience  that  this  touching  aft  is  a  matter  of  very 
common  occurrence  in  torpedo  boats,  and  considers  that  the  most  carefal  commander 
cannot  avoid  it  in  peacetimes,  let  alone  war,  where  barricades,  nets,  &c.,  have  to  be 
contended  with.  The  experiments  of  the  French  with  regard  to  speed  and  turning 
power  with  the  screw  before  and  abaft  the  rudder  hav«  proved  that  the  speed  is  not 
m  the  slightest  affected  by  having  the  screw  forward ;  so  that  even  if  it  were  at  a 
sacrifice  of  a  half  a  knot,  Sazaremy  considers  that  the  protection  of  the  screw  demands 
that  it  should  go  as  in  Thomycroft's  boats. 

The  boiler  is  of  the  locomotive  type,  cylindrical  and  steel ;  length  15  feet  5f  inches 
diameter,  4  feet  4  inches,  and  contains  686  gallons.  The  fire-box  is  copper  ;  the  grate* 
bars,  96  in  number,  are  2  feet  long.  Heatiuff  surface  400  square  feet ;  grate  simace, 
29.3  square  feet.  The  boiler  was  tested  to  260  pounds,  the  normal  pressure  being  130 
pounds.  There  are  176  fire-tubes  of  brass,  9  feet  3f  inches  long  by  If  inches  outside 
diameter. 

The  tubes  are  too  small,  as  they  become  very  much  clogged  with  soot  in  a  very  short 
time,  even  when  using  the  best  coal.  They  have  to  be  cleaned  about  once  in  7  or  9 
hours,  and  during  the  operation  the  steam  falls  and  the  effectiveness  of  the  boat  is 
sacrificed. 

The  boiler  is  fed  by  a  feed-pump  and  an  injector;  a  hand  pump  is  also  provided, 
and  there  is  an  opening  in  the  top  of  the  boiler  so  that  it  may  be  filled  from  deck. 

On  torpedo  boats  a  fresh-water  feed  is  necessary.  On  the  Batum,  the  tank  only 
held  sufficient  for  4  hours  steaming  at  moderate  speed.  This  quantity  should  be  in- 
creased. On  the  trip  from  London  Sazaremy  always  started  with  boiler  and  tank 
filled  with  fresh  water,  and  then  by  taking  a  moderate  quantity  of  salt  water  he  was 
enabled  to  get  along  without  fouling  the  boiler. 

The  boiler  is  provided  with  one  manhole  and  ninehandholesfor  cleaning  it.  These 
holes  are  quite  insufficient  for  the  purpose,  as  all  parts  of  the  boiler  cannot  be  reached. 
A  manhole  large  enough  to  admit  a  boy  should  be  made. 

The  boiler  has  two  cnimneys,  s^metrical,  situated  athwartships.  These  chimneys 
were  originally  5  feet  high,  but  m  Flume  the  height  was  increased  to  7^  feet,  as  they 
shipped  a  great  deal  of  water.  With  a  forced  draft,  great  quantities  of  ashes  are 
thrown  from  the  chimney,  so  that  in  a  very  short  time  everything  gets  covered  with 
soot.    This  does  not  happen  with  a  natural  draft. 

The  Batum  carries  four  torpedoes ;  two  in  the  launching  tubes  and  the  other  two  in 
troughs  built  for  them  on  deck. 

Much  trouble  was  experienced  with  the  torpedo  arrangements  which  were  put  on 
board  by  'V^itehead  at  Flume.  The  torpedoes  in  the  troughs  have  to  be  put  by  hand 
into  the  launching-tubes,  which  is  extremely  difficult  work  for  the  few  men  available. 
The  air  accumulators  leak  badly  from  the  vibrations  of  the  boat  acting  on  the  valves, 
and  once  empty  they  cannot  be  recharged  under  speed,  owing  to  the  vibra^ons  and 
other  defects.  The  torpedo  in  the  tube  is  only  held  fast  at  the  rear  end  of  ^o  stop- 
pers, leaving  the  other  nine- tenths  of  it  loose  in  the  tube,  so  that  the  vibrations  of 
the  Doat  injure  it.  In  a  run  from  Nickolaieff  to  Odessa  with  the  torpedo  in  place, 
the  following  damage  was  done :  The  rudder  part  of  both  torpedoes  was  bent  some- 
what sidewise.  The  screws  which  fasten  this  part  to  the  end  piece  had  slacked  up. 
The  rudder-head  of  one  of  the  torpedoes  was  doubled  up.  In  one  torpedo  the  screws 
connect  ing  the  engine  section  with  the  air-chamber  were  slacked  up.  The  pendulum 
had  hammered  into  the  wooden  bulkhead  about  one-eighth  of  an  inch.  This  damage 
was  done  by  a  shaking  up  of  three  hours.  Sazaremy  considers  that  the  mouths  of  the 
tnbes  ought  to  be  made  to  take  the  contour  of  the  boat's  bow,  as  it  will  make  no  differ- 
ence in  the  aim  of  the  torpedo  under  any  circumstances.  Although  the  mouths  of  the 
tnbes  are  closed  by  stoppers  they  are  not  perfectly  water-tight,  and  a  good  deal  of  water 
enters  which  finds  its  way  into  the  regulator,  and  often  into  the  tube  between  the  reg- 
ulator and  accumulator.    In  a  trial  made  it  was  found  that  the  torpedo  could  not  be 
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launched  on  thit)  aoooont.  This  trouble  is  serious,  since  before  the  torpedo  can  be 
fired  the  months  of  the  tubes  mast  be  opened,  and  thus  a  qnautitv  of  water  is  allowed 
to  rush  in.  That  these  difficulties  have  not  beeu  discovered  before  is  due  to  the  fact 
that  heretofore  experiments  have  been  carried  on  in  still  water  and  at  low  speeds. 
Sazaremy  insists  that  all  experiments  with  sea-going  boats  should  be  carried  on  at 
sea. 
The  itinerary  of  the  trip  of  the  Batum  to  Russia  is  as  follows: 


HilM.      HoBxa. 


London  to  Bi««t 

Brest  to  Ferrol 

FexTolto  LiBbtm 

Lisbon  to  Gibnltar 

Gibjaltor  to  Algiers 

Algiers  to  Bona 

Bona  to  Messina 

HessinatoBrindisi 

Brindiai  to  Finme 

Finme  to  Gravosa 

Gravosato  Zante 

ZantetoSyra 

Syia  to  Constantinople 

Constintinople  to  Klckolsieff . 


470 

48 

840 

46 

840 

88 

800 

27 

480 

88 

245 

28 

450 

88 

370 

24 

8S0 

270 

24 

880 

270 

880 

480 

Mean  speed  for  the  whole  trip  of  4,835  miles,  11.1  knots. 

During  this  trip  the  boat  experienced  all  sorts  of  weather,  steaming  against  a  fuU 
f^ale  in  the  Bay  of  Biscay.  Only  bnce  was  she  obliged  to  stop  en  route  to  cool  a  bear- 
ing. She  was  tested  under  sail  alone,  and  found  to  work  thoroughly  well.  The  small 
supply  of  coal  was  all  that  prevented  a  much  faster  record. 

According  to  the  contract,  the  trials  previous  to  delivery  in  London  were  to  be 
made  with  the  boat  light,  ana  it  was  made  with  the  least  weight  possible  aboard. 
Indeed,  so  little  coal  was  carried  that  the  boat  had  scarcely  enougb  to  bring  her  back 
from  the  measured  mile.  Under  these  circumstances,  she  obtained  a  mean  speed  of 
22.16  knots  for  six  runs  over  the  measured  mile,  carrying  a  pressure  of  130  pounds. 
Experiments  were  made  to  establish  the  flotation  elements  of  the  boat  with  the  follow- 
ing results: 

Fullv  laden,  at  a  displacement  of  46.2  tons  the  metacentric  height  was  2.1  feet. 

At  the  load-line  the  boat  required  1.8  tons  for  an  inch  of  immersion. 

At  the  load-line  the  center  of  gravity  was  3  feet  6  inches  £rom  bottom  of  keel  or 
near  water-line. 

At  45  tons  displacement,  center  of  gravity  was  3  feet  1^  inches  from  bottom  of  keel. 

The  maximum  stability  was  reached  at  a  heel  of  50^.    Lever  arm,  1.35  feet. 

At  10°  heel  the  gunwale  was  at  the  water-level. 

The  Batum  was  given  a  trial  at  Nickolaieff,  with  full  outfit  aboard.  Under  these 
conditions,  with  115  pounds  steam,  332  turns  of  the  screw,  she  made  15^  knots  over  the 
measured  mile.  Much  of  this  great  fall  in  speed  was  attributed  to  poor  coal  and  bad 
firing.  In  a  trial  run  from  Niolcolaieff  to  Odessa  and  back,  a  distance  of  156  miles, 
with  a  fresh  breeze,  the  mean  speed  was  13.7  knots. 

In  closing  his  report  Sazaremy  sums  up  the  faults  of  the  Batum :  (I)  Too  low  a 
coal  supply,  only  sufficient  for  350  miles ;  (2)  too  low  speed  when  fully  equipped.  He 
recommends  for  future  boats — 

(1)  A  length  of  from  100  to  120  feet  to  allow  heavier  machinery  and  more  coal. 

(2)  A  beam  of  13i  to  14  feet. 
^3)  Better  shaped  upper  works. 

(4)  Simpler  and  lighter  torpedo  apparatus. 

(5)  A  larger  boiler  with  two  furnaces  and  a  more  powerftil  engine. 

(6)  To  be  more  solidly  built ;  the  bottom  plates  one-fourth  inch  and  the  others  one- 
eighth  inch. 

Finally,  the  contract  should  stipulate  for  trials  at  the  deep-load  line,  the  engines 
not  to  be  overworked  on  the  trial,  and  a  mean  speed  of  18  knots  to  be  maintained  for 
four  hours.    Huns  of  20  miles  should  not  be  allowed,  as  they  are  deceptive. 

THE  8UCHUM. 

This  boat,  built  by  Thomycrofb,  is  one  of  four  of  an  enlarged  type  of  Batum,  two 
of  which  were  ordered  from  English  and  two  from  French  firms.  The  dimensions  of 
the  boat  are :  Length,  113  feet }  beam,  12 feet  6  inches;  depth  of  hold,  6  feet  6  inches ; 
draught,  2  feet  G  inches  forward  and  6  feet  aft :  displacement,  60  tons;  diameters  of 
cylinders,  14i  and  24i  inches ;  length  of  stroke,  15  inches ;  heating  surfacije,  1,119 
square  feet;  grate  surface,  30  square  feet;  indicated  horse-power,  750. 
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Manv  of  the  improyements  sa^gesied  by  Lientenant  Saearemy  hare  been  intro- 
duced in  this  boat,  which  otherwise  is  qaite  the  same  as  the  Batnm,  except  that  she 
carries  two  Hotchkiss  37-millimeter  revoWen,  one  on  each  side  at  the  rail  Jnst  abaft 
the  pilot-house.  The  first  trial  trip  of  this  boat  took  place  July  10,  1683^  and  had  for 
its  ODJect  to  ascertain  the  maximum  speed  of  the  boat  when  oarrving  a  fUl  outfit 
weighing  6  tons  and  coal  enough  to  steam  1,000  miles^  at  a  speed  of  not  leas  than  10 
knots. 

The  weights  carried  were  as  follows : 

Pounds. 

Torpedo  launching  gear 5,119 

Four  Whitehead  torpedoes 3,612 

Torpedo  air-pump 611 

Two  Hotchkiss  guns 716 

One  hundred  Hotchkiss  projectiles 219 

Anchor  gear  and  windlass 416 

Boat 101 

Complement  of  sixteen  persons 2,654 

Drinking  water 263 

Total 13,409 

To  this  must  be  added  10  tons  of  coal,  making  a  total  of  16  tons.  The  displacement 
of  the  boat  with  this  load  was  59i  tons ;  draught,  2  feet  and  5  feet  10  inches.  At  these 
lines  she  made  a  mean  of  six  runs  over  the  measured  mile  of  19.49  knots^  and  a  mean 
of  three  hours'  run  of  18.96  knots.  The  engines  worked  well ;  the  mean  revolutions 
on  the  measured  mile  was  414.75,  and  during  the  three  hours  403.88.  The  maximum 
indicated  horse-power  was  720.  Coal  used  was  1  ton  per  hour  for  18.9  knots.  Steam 
pressure,  130  pounds  per  s(;^uare  inch. 

The  second  trial  had  for  its  object  to  ascertain  if  the  coal  was  sufficient  to  steam 
1^000  miles  at  a  speed  of  not  less  than  10  knots.  The  boat  was  broueht  to  the  same 
lines  as  before,  carrying  9  tons  of  coal  in  the  bunkers  and  1  ton  in  bags  The  run 
lasted  from  10.46  a.  m.  to  8  p.  m.,  during  which  she  made  101.11  sea  miles,  at  a  mean 
speed  of  10.83  knots,  and  a  total  coal  consumption  of  1  ton  short.  Steam  pressure, 
110  to  118  pounds ;  revolutions,  222  to  227.  The  requirement  of  fresh  water  was  a 
great  drawback,  as  the  boat's  regular  supplv  was  only  sufficient  for  50  sea  miles.  Ex- 
tra fresh- water  tanks  were  carried  during  tne  trial,  the  total  amount  required  being 
111.32  cubic  feet. 

The  boat  was  then  submitted  to  a  series  of  turning  trials,  with  the  following  results, 
at  a  speed  of  18  knots : 

Botn  rudders :  Time  to  port,  1  minute  20  seconds ;  diameter  of  circle,  688  feet. 

Both  rudders :  Time  to  starboard,  1  minute  35  seconds ;  diameter  of  circle,  840  feet. 

One  radder :  Time  to  port  1  minute  56  seconds;  diameter  of  circle,  663  feet. 

One  rudder:  Time  to  starboard,  2  minutes  50  seconds ;  diameter  of  circle,  964  feet. 

The  boat  was  then  given  several  trials,  with  an  addition  of  weights  of  5.2  tons, 
representing  the  material  necessary  for  a  long  trip,  as  follows : 

Paonds. 

Boiler  covering 1|933 

Six  boxes  Hotchkiss  shell 329 

Boat  and  gear 166 

Masts  and  sails 798 

Flag  chest 61 

Chart  table 66 

Side  curtains  of  sail  cloth « 71 

Spare  anchor 199 

Drinking  water 848 

Two  spare  fresh  water  tanks  and  pipes 120 

Reserve  fresh  water  for  boiler 998 

Fresh  food,  three  days * 199 

Sea  stores  for  eight  days 479 

Baggage  of  crew 658 

Baggage  of  officers : , 399 

Navigating  instmments  and  charts •    299 

Liantems,  nags,  stationery,  d&c 199 

Boatswain's  stores 686 

Engineer's  stores 2,860 

Oil  and  tallow 419 

Small  articles  undetailed 299 

With  the  entire  load  the  displacement  of  the  boac  was  64  tons,  and  with  this  she 
made  a  mean  speed  of  six  runs  of  17.93  knots,  with  404.3  turns  and  130  pounds  of 
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By  test  it  was  found  that  she  would  steam  252  knots  at  a  speed  of  15.45  knots ;  372 

knots  at  a  speed  of  23.39  knots:  189  knots  at  16.9  knots,  and  1,000  knots  at  10.8  knots. 

A  test  was  made  of  cleaning  the  fire  tabes  while  mnning.    For  this  the  whole  forward 

§art  of  the  smoke-box  doors  and  the  smoke-box  itself  is  corered  with  asbestos,  and  the 
oors  are  arranged  to  open  independently.  The  man  cleaning  the  tubes  shelters  him- 
self behind  the  closed  half  of  the  box.  In  the  test  the  steam  was  allowed  to  fall  to 
40  pounds,  and  the  eugine  wasslowed  to  100  turns;  35  tubes  were  cleaned  in  a  quarter 
of  an  hour ;  the  temperature  in  the  compartment,  which,  at  the  commencement,  was 
113^  Fahrenheit,  sank  during  the  work  to  88^,  and  the  steam  fell  to  30  pounds.  No 
trouble  was  experienced  with  the  eas,  as  there  was  a  perceptible  draft  fW>m  the 
berth-deck,  through  the  manhole  in  the  bulkhead,  and  into  the  smoke-box. 

The  boat  made  a  very  successful  passage  from  London  to  Nickolaieff.  The  side 
curtains  were  found  to  be  very  useful  in  keeping  water  from  slopping  into  the  engine- 
room.  In  a  heayr  cross-sea  the  seas  often  swept  over  the  roof  of  the  pilot  house,  but 
iu  a  regular  sea  she  was  very  buoyant. 

At  Nickolaieff  she  was  given  another  trial,  when,  over  a  2-mUe  course,  the  highest 
mean  speed  that  could  be  reached  was  16.21  knots.  This  was  attributed  to  poor  coal 
and  inefficient  firing. 

The  Hotchkiss  guns  were  tried  at  sea,  and  found  to  work  efficiently,  there  being  no 
recoil  effects  whatever  noticeable. 

THE  CHILDER8. 

This  boat,  built  by  Thomycroft  for  the  Australian  Govemment,  is  the  same  dae  as 
the  Suchum.  Her  dimensions  are:  Length,  113  feet;  beam,  12  feet  6  inches;  draaeht 
aft,  6  feet;  displacement,  56^  tons;  diameters  of  cylinders,  14iand  24^  inches:  stroke, 
15  inches;  heating  surface,  1,119  square  feet;  grate  surface,  30  square  feet.  She  car- 
ries four  Whitehead  torpedoes  and  two  Hotchkiss  guns,  37  millimeters. 

On  her  official  trial  the  maximum  speed  reached  was  a  little  over  19  knots.  During 
a  three  hours'  trial,  with  an  outfit  of  14^  tons,  she  reached  a  mean  speed  of  18|  knots. 
During  this  trial  it  was  ascertained  that  at  a  speed  of  11|  knots  she  burned  2(^  pounds 
of  coalper  hour.  The  supply  of  the  boat  being  10  tons,  it  is  enough  to  carry  her  1,270 
knots  at  this  speed. 

THE  LATEST  aERMAN  BOAT. 

The  Berliner  Zoitungof  July  IjO  contains  the  following  telegram  from  PiUau :  "  Dav  be- 
fore yesterday  the  first  of  the  new  boats  building  at  Sohichau  was  tested  at  this  place. 
With  complete  outfit  and  stores  and  coal  for  steaming  1,000  miles  she  attained  a  maxi- 
mum speed  of  20^  knots.  On  the  last  run  the  rudder  was  twisted  by  being  put  over 
too  quick,  and  the  trial  was  stopped.  Yesterday  it  was  resumed  and  this  time  a  run 
was  made  from  Pillau  to  Neufahrwasser  and  return,  a  distance  of  between  50  and  60 
miles.  The  run  over  was  made  in  2^  hours  and  back  in  2^  hours.  Maximum  speed 
attained,  21i  knots.  Indicated  horse-power,  1,000.  This  is  the  highest  speed  for 
prolonged  running  yet  attained  by  a  torpedo-boat." 

BEHAVIOR  OF  FRENCH  TORPEDO-BOATS  AT  BEA. 

In  April  last  the  evolutionary  squadron  left  Toulon  for  the  eastward  in  the  teeth  of 
an  easterly  gale,  the  ironclads  being  accompanied  by  two  torpedo-boats.  The  squad- 
ron consisted  of  the  Richelieu,  Marengo,  Trident,  Duperr6,  Bedoutable,  Vengeur,  and 
Tonnerre,  with  the  dispatch  boats  Hirondelle  and  Benard,  and  torpedo-boats  Nos.  64 
and  65. 

The  dimensions  of  these  boats  are:  Length,  108  feet;  beam,  10  feet  10  inches; 
drauffht,  2  feet  10  inches ;  displacement,  46  tons.  They  carry  a  coal  supply  sufficient 
for  600  miles  at  a  speed  of  12  knots. 

Arrived  off  Hy^res  the  two  monitor  vessels  Tonnerre  and  Vengeur  had  to  run  in  to 
an  anchorage,  being  unable  to  keep  their  stations  on  account  of  the  sea.  The  ad- 
miral had  reduced  the  speed  of  the  squadron  from  10  knots  to  8,  and  then  to  6.  It 
was  found  impossible  to  reduce  the  speed  of  the  torpedo-boats  below  8  knots,  so  they 
kept  that  speed  until  some  distance  ahead,  and  then  stopped  and  dropped  back  to 
their  stations.  No  difficulty  whatever  was  found  in  navigating  the  boats  in  the 
heavy  sea. '  Head  to  it,  they  rose  to  the  sea  with  great  buoyancy,  and  all  the  deck 
abaft  the  pilot-house  was  clear  of  water  and  couUL  be  used  as  a  promenade  with 
safety.  Broadside  to  the  sea  the  rolling  was  heavy,  but  not  so  much  as  to  hamper 
the  movements.  No  trouble  whatever  was  experienced  with  the  screw,  as  it  was  out 
of  water  so  short  a  time  that  there  was  no  racing  of  any  consequence.  The  men's 
quarters  were,  however,  very  uncomfortable.  It  was  impossible  to  use  the  galley, 
and  the  vibrations  were  so  great  as  to  cause  seasickness.  jBoth  boats  were  somewhat 
troubled  with  leaky  rivets.  Steering  with  both  rudders  and  with  the  after  one  alone 
was  tried  and  the  boats  in  all  oases  answered  the  helm  with  the  greatest  readiness. 
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THB  FBBNOH  8TSTBU  OF  NUMBBRINQ  BOATS. 

In  the  Frenoh  service  second-claas  boats  are  nmnbeied  oonseoatiyely  up  to  60.    All 
above  that  namber  are  first-olass  boats.    No.  65  was  lannohed  in  Jnne,  1884. 

THB  BGOPB  OF  QBBMAN  KAYAL  COAST  DEFBNSB  8UPBRINTBNDBNCB. 

March,  1884. 
''It  is  the  expressed  will  of  His  Mi^esty  the  Emperor,  with  regard  to  the  coast  de- 
fense, that  hereafter  the  navy  is  to  be  intmsted  not  only  with  the  defense  of  the  two 
great  dock-yards,  but  also  with  the  maritime  defense  of  Prussian  fortresses  on  the 
csoast  and  seaports.  It  is  considered  that  for  a  thorough  defense  the  army  and  the 
navy  should  work  together  according  to  clearly  laid  down  rule^  and  to  the  navy 
should  be  given  the  supreme  control  of  all  maritime  operations.  From  this  time  for- 
ward all  harbor  entrances  must  be  in  a  condition  to  be  immediately  protected  by 
mines  and  troops.  Heretofore  all  this  work  having  been  intrusted  to  the  army,  the 
engineers  during  the  operation  of  mobilization  were  overburdened.  In  the  fature, 
liowever,  the  navy,  through  its  interest  and  technical  skill,  can  readily  keep  harbors 
and  channels  open  for  the  passage  of  friendly  vessels  up  to  the  last  moment  and  close 
them  quickly  and  certainly  when  necessary.  Again,  the  introduction  of  torpedoes 
proper  into  the  cadre  of  army  weapons  reduces  the  general  efficiency  of  the  service, 
as  has  been  shown  in  oi>erations  with  mines.  The  army  commandant  of  a  coast  place 
would  find  it  difficult  to  properly  control  the  naval  personnel  which  'in  anv  case  is 
necessary  for  the  service,  and  he  could  but  illy  snperinteud  the  movements  of  torpedo 
flotillas.  Finally,  in  order  to  establish  communications  with  the  naval  outposts,  ex- 
tra steamers  under  army  control  would  be  necessary,  which  would  compucate  the 
service.  Bequisitions  for  merchant  vessels  and  materials  could  not  be  wisely  filled 
under  army  superintendence,  and  a  harbor  once  blocked  by  mines,  all  movements,  no 
matter  how  urgent,  of  naval  vessels,  could  only  be  undertaken  after  arriving  at  a 
special  understanding  between  the  army  and  the  navy." 
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By  Lieut.  W.  H.  Jaques,  United  States  Navy: 

[The  following  treatise,  prepared  by  Lieut.  William  H.Jaqaes,  United 
States  Navy,  secretary  of  the  committee  (and  to  be  published  by  G.  P. 
Putnam's  Sons,  New  York,  as  a  number  in  The  Questions  of  the  Day), 
gives,  as  its  title  indicates,  a  review  of  the  whole  question  of  armor, 
steel  or  iron.  It  is  clear,  condensed,  and  comprehensive.  Its  positions 
are  fortified  by  the  highest  authorities. — Chairman  Committee.] 

Steel  a/nd  iron !  To  which  of  these  should  be  confided  the  trust  of  de- 
fense T  Economic  as  well  as  military  reasons  must  govern  the  decision. 
Beading  the  various  statements  and  reports  upon  the  relative  efficiency 
of  different  materials  for  protection  against  the  fire  of  modern  ordnance, 
it  is  most  difficult  to  reach  a  conclusion  as  to  the  superiority  of  any  one 
material  over  another  for  this  purpose.  Anything  from  street  rails  to 
the  best  forged  special  steel  is  suggested  as  adaptable  to  a  particular 
purpose,  but  in  the  majority  of  instances  no  definite  conclusions  are 
presented.  ^ 

It  is  not  the  intention  of  these  few  pages  to  follow  the  development 
of  armor,  or  to  present  full  descriptions  of  its  manufacture  and  the  ex- 
periments with  it.  These  have  been  ably  presented  by  Capt.  Orde 
Browne,  E.  A.,  in  numerous  papers ;  by  Lieut.  E.  W.  Very,  XJ.  S.  N., 
in  his  '*  Development  of  Armor  for  Naval  Use,''  published  by  the  Naval 
Institute  in  1883;  by  Lieut.  Bmile  Weyl,  French  navy,  in  <<  Questions 
Maritimes,''  published  by  Berger-Levrault,  Paris,  in  1886;  and  fuUy 
treated  in  my  "Establishment  of  Steel  Gun  Factories,"  published  by 
the  Naval  Institute  in  18S4.  I  am  indebted  to  these  authorities  £Dr 
assistance  in  the  preparation  of  this  paper,  and  I  earnestly  recommend 
them  to  all  who  desire  to  acquire  exhaustive  information  on  this  special 
subject.  In  addition  to  the  personal  inspection  of  many  targets,  I  have 
carefully  searched  the  best  authorities  for  the  facts  tiiat  would  assist 
me  to  present  the  practical  information  relating  to  modern  armor  that 
appears  at  this  time  to  be  most  needed. 

To  those  who  consider  armor  useless  because  the  penetrating  power 
of  modem  artillery  is  superior  to  the  resist-ance  of  modern  plates,  I 
would  call  attention  to  the  fact  that  circumstances  attending  target- 
practice  on  the  proving-grounds — the  fire  normal,  guns  on  fixed  plat- 
forms, and  the  range  only  a  few  hundred  feet — are  very  different  from 
those  in  battle,  where  the  range  is  great,  the  armor  fitted  to  the  fort  or 
8hip  is  constructed  to  present  the  least  amount  of  normal  surface,  and 
the  attacking  gun  and  moving  ship  are  ever  changing  their  positions. 
According  to  Noble,  one  of  the  ablest  English  artillerists,  a  thickness 
of  armor  equal  to  one-half  the  diameter  of  the  projectile  will  insure 
almost  certain  impenetrability  in  the  ever-varying  conditions  of  a  bat- 
tle at  sea.* 

'In  a  sea  fight  armor  does  not  lose  its  power  of  resistanoe ;  the  gnu,  on  the  con- 
trary, loses  mnoh  of  its  power  in  an  attack.     (Weyl.) 
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DBFINITION. 

The  term  <<annor''  is  at  present  applied  to  the  metallic  protectiont  of 
forts  and  ships  which  the  increased  power  of  modem  artillery  has  ren- 
dered necessary. 

KINDS. 

There  are  four  kinds — cast  iron,  wrought  iron,  compound*  (wrought 
iron  and  steel),  and  steel.  OasMron  and  wrought  iron  are  now  only  used 
for  forts.  Compound  and  steel  may  be  used  for  either  forts  or  ships. 
Capt.  Orde  Browne  classifies  armor  as  %oft  and  liard^  ^^  the  former  sig- 
nifying armor  which  is  perforated,  and  the  latter  armor  which  refuses 
to  yield  in  this  way  and  must  be  broken  up.'' 

MANUFACTURERS  AND  MODE  OP  MANUFACTURE. 

The  number  of  manufacturers  of  armor  is  exceedingly  limited  in  con- 
sequence of  the  cost  of  plant,  the  skill  and  experience  required,  and  the 
uncertainty  of  a  market. 

CAST-IRON  ARMOR. 

This  is  principally  manufactured  by  Gruson  of  Buckau,  near  Magde- 
burg, Prussia.  His  method  of  manufacture  is  secret,  but  a  chill  mold 
is  used,  which  reuders  the  outer  surface  of  the  plate  very  hard,  while 
the  inner  surface  remains  soft  Very  gives  the  following  description  of 
the  manufacture  of  Gruson  chilled  cast-iron  armor : 

The  fliBt  operation  performed  at  the  Grason  faotoryi  in  the  oonstmction  of  an  ar- 
mored f ortifioation,  is  to  build  a  full-sized  plaster  model  of  the  fort,  each  block  being 
separately  molded  and  put  in  place.  From  this  plaster  cast  the  exact  shapes  of  the 
different  curvatures  are  obtained ,  and  the  second  part  of  the  operation,  that  of  mak- 
ing the  chill  mold,  is  then  proceeded  with.  This  chill  mold  is  itself  made  of  oast- 
iron,  which  is  run  in  an  ordinary  sand  mold,  the  latter  having  been  made  from  the 
plaster  mold,  and  forms  the  base  of  the  main  block  mold.  Upon  the  chill  mold  a  sand 
mold  is  built  corresponding  to  the  remaining  end,  side,  and  interior  contour  of  the 
block.  What  may  be  termed  the  trade  secret  in  the  i>onstmotion  of  this  armor  rests 
entirely  in  the  choice  of  the  piff,  its  treatment  in  the  furnace,  and  the  care  in  the  cast- 
ing. Herr  Gruson  claiiiis,  and  apparently  with  reason,  that  his  factory  is  the  only 
one  in  the  world  that  can  make  such  immense  chill  castinfi^s  (ranging  from  20  to  &0 
tons  each)  successfully.  It  is  certain  that  the  Russians  tried  repeatedlv  and  unsuc- 
cessfuUy  to  make  these  castings  without  surface  cracks;  and  when  it  is  considered 
that  it  required  years  of  practice  to  make  i>erfect  so  small  an  object  as  a  chilled  9-inch 
rifled  shot,  the  skill  and  knowledge  required  for  the  operation  can  be  appreciated. 
The  pig  metal  being  melted  in  the  furnaces,  is  tapped  off  into  a  single  large  receiver, 

tXhe  main  object  to  be  accomplished  in  the  development  of  armor  is  to  protect  the 
vulnerable  things  behind  it.  It  must  be  remembered  that  the  ultimate  object  of 
naval  armor  is  to  attain  the  greatest  amount  of  protective  power  with  the  least  pos- 
sible weight,  and  since  there  is  a  minimum  limit  of  space  to  be  defended  which  can- 
not be  reduced,  the  reduction  of  weight  must  be  accomplished  by  a  reduction  in  thick- 
ness.   (Very.) 

I  wish  to  make  it  clear  that  it  is  so  intolerable  to  have  a  hole  made  in  a  shield  and 
to  get  a  shell  far  through  it  so  as  to  explode  in  the  interior,  that  I  look  upon  it  as  a 
certainty  that  armor  should  always  be  made  hard  enoueh  to  stop  that.  ^Browne. ) 

If  a  projectile  succeeds  in  completely  piercing  the  side  of  a  vessel  an  immense  water- 
course is  oi>ened ;  if  the  breach  is  near  the  water-line  very  grave  iiijnries  are  thereby 
caused,  which,  being  of  vital  importance  are  especially  guaraed  against  by  the  appli- 
cation of  armor^  and  these  injuries  become  still  more  disastrous  if  the  breach  be  opened 
by  a  shell  piercing  and  exploding  inside.  A  single  blow  well  directed  might  suffice 
to  disable  an  iron-dad.    (tteport  of  Italian  Commission,  1876.) 

*A  few  experimental  compound  steel  plates  have  been  mechanically  nranu&otured^ 
but  the  results  of  their  trials  have  not  been  made  public. 
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and  from  there  is  fed  directly  into  the  mold.  When  the  latter  is  full,  a  Borplns  of 
molten  irpn  is  allowed  to  run  around  the  upper  part  of  the  mold  so  as  to  rettuid  the 
cooling  of  the  nnchilled  portion.  When  the  casting  is  cooled  the  work  of  the  con- 
strnction  of  the  block  is  practically  finished,  for  nothing  remains  except  the  ordinary 
finishing  foundry  work.  The  ends  of  each  bloclfrare  slightly  hollowed,  and  when  the 
blocks  are  put  in  position  finally  zinc  solder  is  run  into  the  cavity  formed  by  the  close- 
fitting  adjacent  ends  of  blocks,  securing  them  together  and  thus  avoiding  all  bolts  or 
fastenings  of  any  other  description. 

This  armor  is  ased  for  forts  in  Germauy,  Russia,  HoUaDd,  Italy,  Aus- 
tria, and  Belgium.  It  was  at  one  time  adopted  for  inland  forts  in 
France,  but  broke  up  so  easily  under  the  efiects  of  steel  shot  that  it 
was  condemned  and  is  no  longer  used. 

Every  experiment  with  the  Gruson  cast-iron  armor  shows  the  im- 
mense influence  the  curved  surface  has  upon  its  resisting  power,  while 
its  great  weight  and  size,  and  the  fact  that  the  whole  advantage  of  the 
chill  is  lost  in  the  flat  plates,  unfit  it  for  application  to  vessels.  Again,  it 
must  be  remembered  that  it  never  has  been  subjected  to  such  severe  tests 
as  steel  and  compound  armor  have  received,  and  although  its  cost  per 
ton  is  less,  the  larger  foundations  necessary  would  make  the  final  cost 
of  the  turret  or  casemate  equal  to  if  not  greater  than  that  constructed 
of  steel. 

The  greatest  thickness  of  cast-iron  plates  is  43  inches ;  weight,  fh>m 
50  to  80  tons ;  price,  from  $160  to  $200  per  ton. 

t* 

WROUGHT-IBON  ABMOB.  *  .. 

At  one  time  there  were  many  manufacturers  of  wrought- b^u  armor  *"  -^  ^  . 
in  England,  France,  Germany,  and  Russia;  but  since  1879  it  has  been  .,7  /  ' 
practically  abandoned  for  ships,  as  it  has  been  found  that  both  coto-   ^  i^^  •;. 
pound  and  forged-steel  armor  possess  from  20  to  25  per  cent,  greater  "^-^  ^ 
resisting  power  for  the  same  thickness.    Although  wrought  iron  is  still 
used  in  England  for  forts,  steel  possesses  many  advantages.    It  is 
somewhat  more  costly  per  pound,  but  its  power  of  resistance  is   so 
much  greater  than  that  of  wrought  iron  that  the  plate-upon-plate  sys- 
tem that  will  have  to  be  adopted  to  get  the  required  thickness  with 
the  latter,  the  increased  lepgth  and  cost  of  bolts,  and  the  largely  in- 
creased cost  of  transportation  and  fitting,  tell  heavily  against  wrought 
iron.* 

Of  the  numerous  plants  capable  of  turning  out  wroughtiron  plates, 
the  principal  manufacturers  are :  Charles  Cammell  &  Co.,  SheflSeld, 
England ;  John  Brown  &  Co.,  Sheffield,  England ;  Marrell  Brothers, 
Rivede-Gier  and  Couzon,  France;  Petin  &  Gaudet,  Rive-de-Gier, 
France ;  Terre  Noire  Works,  Terre  Noire,  France. 

The  greatest  thickness  of  wrought-irou  plates  of  guaranteed  quality 
is  12  inches.  Weight,  about  40  tons.  Price,  from  $220  to  $336  per  ton. 
As  12  inches  of  wrought-iron  are  easily  perforated  by  a  O-inch  high- 
power  breech-loading  rifle,  more  than  one  plate  must  be  employed  if  the 
armor  is  to  be  at  all  efficient.  The  additional  cost  of  fastening  and 
sandwiching  these  will  increase  the  cost  of  wrought-iron  protection  to 
more  than  that  of  the  steel  plate  of  an  equal  power  of  resistance. 

COMPOUND  ABMOR. 

This  term  is  applied  to  armor  which  is  composed  of  a  hard  steel  face 
and  a  wrought-iron  back  joined  together,  or  of  a  hard  steel  face  and  a 

•  Foreign  experts,  as  a  rule,  have  always  accepted  the  development  of  wronght-iron 
armor  as  a  necessaiy  evil,  clearly  foreseeing  its  limits.    (Very.) 
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them  mast  go  through  the  plate.  A  new  rule  is  about  to  be  adopted, 
as  follows :  The  gun  shall  be  just  able  to  pierce  the  plate  with  a  chilled- 
iron  projectile.  The  plate  must  remain  on  the  target  until  after  the 
second  shot.    None  of  the  three  projectiles  must  go  through  the  backing. 

In  Italy  there  have  been  a  variety  of  tests,  but  the  latest  are  as  fol- 
lows :  For  the  Italia,  supplied  in  1883  with  English  compound  plates 
19  inches  thick,  one  shot  capable  of  peneti^ating  a  wrought-iron  plate 
of  25  per  cent,  greater  thickness  fired  at  the  center  of  the  plate.  The 
shot  must  not  go  through.  For  the  Lepanto,  now  being  supplied  by 
Schneider  with  steel  plates  19  inches  thick,  three  shots  to  be  fired  at 
the  apexes  of  a  triangle,  each  side  of  which  is  2^  calibers  of  the  pro- 
jectile in  length.  The  energy  of  the  first  shot  to  be  that  which  is  theo- 
retically necessary  to  pierce  an  iron  plate  of  the  same  thickness.  The 
projectiles  in  the  last  two  fires  to  have  energy  sufficient  to  pierce  an 
iron  plate  of  25  per  cent,  greater  thickness. 

In  consequence  of  the  enormous  cost  of  these  tests  (over  $15,000), 
the  Italian  Government  only  test  two  plates  out  of  the  entire  lot  (1,800 
tons)  J  but  they  require  that  'every  plate  shall  have  four  test  pieces  cut 
from  it,  two  from  the  outer  and  two  from  the  inner  corners,  and  the 
tensile  strength,  elongation,  and  elasticity  of  these  specimens  must  av- 
erage the  same  as  corresponding  test  pieces  taken  from  the  plates  sub- 
jected to  the  gun  test. 

EFFEOTS  OF  FIBE. 

Of  the  behavior  of  different  kinds  of  armor  under  fire,  Orde  Browne 
says: 

Wrought  iron  yields  locally ;  it  is  panched  or  perforated,  a  clean  hole  btlng  made 
in  it.  The  rest  of  the  target  hardly  snfiers  appreciably,  except  close  to  the  point  of 
impact.  The  plate  yields  at  the  back,  opposite  to  the  point  of  irapaot,  by  tearing  in  a 
cross  or  star  line,  letting  the  point  of  the  shot  through  the  center. 

The  compound  plate  yields  mainly  by  cracking  in  radiating  lines  from  the  point  of 
impact.  In  plates  badly  backed  t-ne  plate  bends  slightly  back,  and  very  rigid  shot 
occasionally  get  their  points  through ;  bnt  when  well  backed  the  entire  plate  oinst  be 
broken  in  pieces  and  displaced  before  a  shot  gets  past  it  in  any  sense.  In  addition  to 
the  radial  cracks,  concentric  ones  are  apt  to  be  developed. 

Solid  steely  as  made  by  Schneider,  thougjh  rather  less  hard  than  the  steel  face  of  the 
compound  plates,  is,  as  a  mass,  more  rigid.  It  admits  the  points  of  the  shot  at  first 
with  rather  less  resistance,  but  it  does  not  yield  at  the  points  of  impact  even  when 
badly  backed,  and  is,  therefore,  less  dependent  on  backing  than  compound  armor.  I 
have  never  known  of  a  concentric  crack  being  made  in  steel  armor,  nor  of.  the  point 
of  the  shot  getting  through  until  the  plate  was  stripped  off. 

Chilled  iron  made  by  Gruson  is  very  rigid.  The  shot  never,  I  believe,  gets  its  point 
even  a  single  inch*  into  the  metal.  The  bhield  transmits  the  shock  through  its  mass, 
and  must  be  broken  up  bodily.  Chilled  iron  is  nsed  in  large  masses,  and  is  best  suitea 
to  resist  single  blows,  especially  in  an  oblique  direction.  Uuder  the  direct  blows  of 
heavy  shot  of  high  tenacity  chilled  iron  breaks  up.  Cracks  radiating  from  the  point 
of  impact  are  formed,  and  the  whole  shield  breaks  across. 

Omitting,  therefore,  further  consideration  of  wrought  and  chilled  iron 
because  of  their  want  of  sufficient  power  of  resistance,  let  us  notice  the 
remarkable  difference  in  the  appearance  of  the  steel  and  compound 
armor  when  under  fire. 

When  a  thick  steel  plate  is  completely  perforated,  Plate  27,  the  steel 
rarely  shows  a  hole  larger  than  the  diameter  of  the  projectile,  which 
acts  like  a  punch.    From  this  hole  cracks  radiate. 

In  the  compound  plate,  Plate  28,  circular  cracks  appear  in  addition  to 
the  radiating  ones,  and  a  circular  piece  considerably  larger  than  the 
diameter  of  the  shot  is  driven  from  the  face  of  the  plate  through  the 

*  Up  to  the  present  time  no  proiectile  has  ever  penetrated  a  Gruson  chilled-iron 
plate  to  a  greater  depth  than  2.8  inches.    (Oriffen  :  **  Our  Sea-Coast  Defenses.") 
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back,  forciug  the  plate  open  laterally  and  increasing  the  opening  rap- 
idly in  diameter  as  the  rear  surface  is  approached. 

The  face  of  the  plate  in  either  case  is  dished  or  bent  in  i^onsiderably 
nnless  the  backing  is  absolutely  solid;  when  the  backing  is  not  solid, 
the  compound  plate  suffers  far  more  severely  than  the  steel — a  matter  of 
very  serious  importance  in  its  application  to  the  side  of  a  ship. 

COMPARISON  OF  STEEL  AND  COMPOUND   ARMOR. 

The  steel  face  of  compound  armor  contains  about  0.7  per  cent  of  car- 
bon, and  its  object  is  to  deform  or  break  up  the  projectile  on  impact, 
while  the  wrought-iron  back  holds  the  plate  together  and  keeps  the 
steel  up  to  its  work;  the  iron  back  is  not  expected  to  be  of  much  value 
in  keeping  out  the  shot  after  it  has  penetrated  the  steel  face.  Major 
Mackinlay,  B.  A.,  thinks  that  compound  armor  has  an  advantage,  be- 
cause its  face  is  so  hard,  but  considers  that  the  union  of  the  two  mate- 
rials, steel  and  wrought  iron,  probably  leads  to  complication  and  un- 
certainty in  results. 

Schneider  steel  armor  contains  about  0.4  per  cent,  of  carbon  and  is  very 
carefully  tempered.  The  outer  surface  of  the  plate  is  slightly  harder 
than  the  inner  surface,  and  the  object  to  be  obtained  is  not  only  to  de- 
stroy the  shot  on  impact,  but  to  present  as  great  and  nearly  uniform  a 
resistance  as  possible  throughout  the  entire  thickness  of  the  plate,  so 
that  it  may  hold  together  till  the  shot  is  broken. 

Compound  armor,  therefore,  shows  to  better  advantage,  so  far  as  a 
surface  work  is  concerned,  wheu  the  projectiles  are  poor  than  when  they 
are  good.  This  fact  should  not  be  forgotten,  for  great  efforts  are  being 
made  in  Europe  to  develop  projectiles.  Whitworth,  of  Manchester, 
England,  and  Holtzer,  of  CJnieux,  France,  produce  the  best  at  present; 
those  of  the  latter  are  made  of  chrome  steel. 

In  manufacturing  compound  plates,  the  principal  difficulties  to  be  en- 
countered are  in  joining  the  iron  and  steel,  and  the' difficulty  is  aggra- 
vated in  joining  steel  and  steel.  Trials  under  fire  develop  a  separation 
of  the  two  metals,  especially  if  the  fire  is  oblique,*  and  a  shot  entering 
the  back  of  a  compound  plate  will  penetrate  the  entire  plate  with  very 
much  greater  facility  than  if  striking  the  face,  a  fact  which  might  be  of 
importance  in  ships  exposed  to  vertical  or  mortar  fire.  However  good 
the  iron  for  the  back  of  the  plate  may  be,  it  is  rendered  poorer  by  the 
reheating  necessary  to  join  it  to  the  steel  face,  and  the  subsequent  roll- 
ing has  a  tearing  rather  than  a  welding  effect,  because  the  two  mate- 
rials receive  the  work  of  the  rolls  in  ditterent  degrees.  This  probably 
accounts  for  the  fact  that  there  is  no  compound  plate  in  existence  where 
the  weld  is  perfect. 

Curved  plates,  especially  tapered  and  double  curved  (Plate  29),  for 
which  there  is  a  continually-increasing  demand,  are  particularly  difficult 
and  expensive  iu  compound  manufacture.  If  bent  after  the  plate  is  com- 
pleted, the  joint  is  liable  to  be  broken,  and  if  the  steel  face  is  cast  on  after 
the  plate  is  bent,  it  is  difficult  to  get  the  right  thickness  (which  is  very 
important),  and  the  steel  cannot  be  worked  sufficiently  afterwards. 
%  In  the  Schneider  plates  these  difficulties  do  not  obtain,  as  each  plate 
is  a  single  ingot  of  homogeneous  metal,  worked  down  under  a  hammer 
to  the  necessary  thickness  and  curvature,  the  great  power  of  the  hammer 
(100  tons)  making  very  few  reheats  necessary,  which  is  of  very  great 

*  In  all  uaval  conflicts  the  great  majority  of  hits  will  be  oblique,  for  in  addition  to 
the  permanent  obliquity  given  to  the  armor  in  constractiou,  there  is  the  constant  al- 
teration iu  position  net  ween  the  vessels  engaged.     (Very.) 
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importance  to  the  quality  of  the  metal.  Up  to  this  time  no  double- 
curv€d  plates  have  ever  been  subjected  to  target  practice,  and  trials  ot 
this  sort  will  prove  very  instructive. 

One  of  the  most  important  features  in  connection  with  armor  is  the 
manner  in  which  it  is  fastened}  for  the  artillerist  not  only  strives  to 


Plate  29. 

perforate  the  plate,  but  to  strain,  loosen,  dislocate,  and  shake  off  tlje 
armor  and  break  the  fastenings.*     The  bolt,  therefore,  not  only  has  to 

*From  the  earliest  period,  of  experiments  trouble  had  been  experienced  with  Jasteu- 
ings.  The  French  were  the  first  to  modify  the  evil,  and  their  tirst  attempt  at  modifi- 
cation was  such  a  success  that  their  new  pattern  armor-bolt  was  retained  practically 
unaltered  until  comparatively  lately.  By  the  introduction  of  the  ScTineider  bolt  this 
part  of  the  armor  seems  to  have  well-nigh  reached  perfection.     (Very.) 
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hold  the  plate  on  the  side  of  the  fort  or  ship,  but  to  resist  vibration  and 
prevent  buckling.  The  best  practice  is  to  insert  the  screw-bolts  into 
the  rear  of  the  plate  without  coming  to  the  face,  and  in  order  to  assist 
the  plate  in  holding  together  till  the  shot  is  broken,  and  also  that  the 
shattered  fragments  may  not  fall,  as  many  bolts  as  possible  are  desira- 
ble, provided  they  do  not  weaken  the  plate  by  penetrating  too  near  the 
outer  surface.  Compound  armor  is  at  a  disadvantage  here  over  steel, 
as  the  back  of  the  plate  being  laminated  from  rolling  and  not  homoge- 
neous, the  bolt  must  be  inserted  farther  to  obtain  sufficient  hold.  The 
number  of  bolts  in  a  compound  plate  is  therefore  less  than  i;i  a  steel 
one,  though  the  bolts  are  of  larger  diameter.  Creusot  bolts  are  used 
by  the  French  Government  entirely  for  both  compound  and  steel  armor. 

Eegarding  the  efficiency  of  compound  armor  as  manufactured  on  the 
Ellis  and  Wilson  systems,  John  Brown  &  Co.  state  that  "  f^^are  con- 
vinced that  steel  armor  does  not  possess  any  advantage  over  the  com- 
pound, as,  although  they  could  readily  make  both,  they  still  adhere  to 
the  compound,  and  no  other  is  used  by  the  British  Government." 

On  the  other  hand,  it  must  be  remembered  that  in  all  the  latest  com- 
petitive armor -plate  experiments  the  all  steel  (Schneider)  plate  has 
been  the  victor;  and  although  the  British  Admiralty  were  opposed  to 
the  verdict  of  the  Italian  experimental  committee  on  the  Spezia  trials, 
they  have  presented  no  practical  reasons  to  discredit  it,  nor  does  it  ap- 
pear that  they  have  accepted  the  recommendations  recently  made  to 
them  to  acquire  a  certain  number  of  Schneider  steel  plates,  if  possible, 
and  to  have  some  competitive  trials  of  their  own.  The  Admiralty,  I  be- 
lieve, have  requested  Mr.  Schneider  to  furnish  a  few  plates  for  the  test  of 
projectiles,  but  it  is  scarcely  to  be  expected  that  Creusot  will  be  willing . 
to  send  its  material  for  the  investigation  and  information  of  the  English 
manufacturers  unless  the  English  Government  will  make  a  contract 
for  the  armor  for  one  or  more  ships. 

The  following  opinion  of  Admiral  Simpson,  United  States  Navy,  who 
was  president  of  the  Gun  Foundry  Board  and  presidefat  of  the  Naval  Ad- 
visory Board,  and  who  has  given  a  long  life  to  the  study  of  ordnance 
questions;  and  that  of  an  English  artillerist  who  has  recently  in- 
spected the  productions  of  the  different  manufacturers  and  the  results 
of  the  most  important  experiments,  are  pertinent  and  instructive : 

My  own  judgment  favors  the  steel  plate.  I  think  it  more  in  the  course  of  advanced 
ideas,  and  I  am  content  with  the  results  it  has  achieved  in  experiments;  and  the  more 
experience  we  have  in  the  manufacture,  the  more  will  we  approach  perfection  in  re- 
sults. 

I  am  aware  that  at  Terro  Noire,  in  France,  it  is  claimed  that  a  good  steel  armor 
plate  can  be  cast  which  needs  no  forging,  and  I  am  under  the  impression  that  the 
same  idea  obtains  at  one  of  our  own  large  steel  establishments,  but  I  have  no  contidence 
in  such  material,  and  I  think  that  the  first  shot  from  a  modern  gun  would  dispel  the 
illusion  of  those  who  entertain  the  idea.  I  accept  as  a  fact  that  for  the  manufacture 
of  steel  armor  plates  there  is  required  a  heavy  forging  plant,  and  if  we  possess  such 
facilities  for  forging  our  ingots  for  cannon,  we  have  secured  apparatus  that  will  be 
equally  serviceable  for  treating  armor  plates.* 

The  cost  of  a  complete  plant  for  the  manufacture  of  compound  armor  would  prob- 
ably be  as  great  as  that  for  the  manufacture  of  all  steel  armor,  iucluding  a  100-ton 
hammer,  but  if  the  Whitworth  hydraulic  press  bo  substituted  for  the  large  hammer, 
there  will  be  much  economy  in  the  adoption  of  steel  armor. t    (Simpson.) 

The  feeling  among  French  officers  is  very  general  in  favor  of  steel  armor.  The  com- 
pound plates  manntactured  in  France  are  equal  to  those  made  in  Sheffield.  Com- 
paring the  test  plates  at  G&vro,  the  steel  plates  were  superior  to  the  French  com- 
pound; and  the  targets  used  for  the  last  Spezia  experiments  show  that  the  steel  plate 
was  much  superior  to  the  English.    (English  Artillerist.) 

•Extract  from  paper  read  before  Washington  branch  of  Naval  Institute,  December 
4, 1885. 
t  Extract  from  circular  letter,  Navy  Department,  July  8,  1884. 
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DEVELOPMENT  OF  ABMOB. 

For  very  interestiDg  history  of  the  development  of  anpor,  I  take 
pleasure  in  again  calling  your  attention  to  the  publications  mentioned 
in  the  early  part  of  this  paper. 

Early  in  the  history  of  wronght-iron  armor  it  was  found  that  a  solid 
plate  was  some  33  per  cent,  stronger  than  a  laminated  one  of  the  same 
thickness  composed  of  1-inch  plates ;  but  when  solid  armor  attained 
a  thickness  of  12  inches  the  limit  of  guaranteed  regularity  of  manu- 
facture was  reached,  and  experiments  were  made  with  several  thick- 
nesses of  heavy  plates.  The  results  obtained  were  better  than  where 
the  plates  were  thin,  but  a  practical  difficulty  was  encountered  in  the 
enormous  cost  of  fitting  the  plates  accurately  to  each  other  (which  is 
very  essential),  and  the  utter  impossibility  of  doing  so  when  the  plates 
were  curved.  Resort  was  therefore  had  to  the  sandwich  system  (inter- 
posing layers  of  wood  between  heavy  plates).  This  was  found  fairly 
satisfactory  for  forts,  but  not  for  ships,  where  weight  and  space  are 
such  prominent  factors.  The  experiments  at  Spezia  in  1876  having 
proved  that  hammered  steel  Creusot  armor  was  better  than  wrought 
iron,  either  solid  or  sandwiched,  the  latter  has  been  gradually  given  up 
for  ship  armor  and  must  soon  give  way  to  steel  for  forts. 

Cast-steel  armor  (unworked)  was  tried  by  several  firms,  but  it  always 
broke  up  under  fire,  and  was  quickly  abandoned. 

Compound  armor  had  been'more  or  less  experimented  with  for  many 
years,  but  owing  to  the  difficulty  of  securing  uniformity  in  its  manu- 
facture, and  the  fact  that  wrought  iron  was  still  ahead  of  the  develop- 
ment of  artillery,  we  hear  little  of  it  until  after  1876,  when  the  success 
of  French  steel  over  iron  caused  the  manufacture  of  compound  armor 
to  be  rapidly  developed  in  England,  where  th6  Government  has  made 
large  use  of  it. 

In  reply  to  the  claims  that  the  G^vre  (French)  trials  of  1880,  the 
Ochta  (Russian)  experiments  of  1882,  and  the  Amager  (Danish)  tests  of 
1884,  proved  the  superiority  of  compound  armor,  an  excellent  answer 
is  found  in  the  following  statement  of  Admiral  Simpson  :• 

In  1880,  a  CammeU  and  Schneider  plate  were  tested  at  Q&vre  by  the  French  Gov- 
ernmenty  wltli^  view  to  providing  armor  of  the  most  perfect  type  for  new  armored 
vessels.  The  decision  was  in  favoj*  of  the  compound  plate,  but  the  rei>ort  laid  great 
stress  on  the  possibilities  of  the  development  of  steel,  and  in  order  to  aid  the  Creusot 
works,  a  contract  was  made  with  Mr.  Schneider  for  side  armor  for  one  of  the  ships. 

When  the  selected  armor  plates  were  subsequently  tested  for  reception,  the  steel 
plate  proved  to  be  superior  to  the  compound  plate. 

In  1882,  the  Russian  Government  carried  on  a  competitive  trial  between  the  Cam- 
meU and  Schneider  plates,  at  Ochta,  near  St.  Petersburg.  The  result  was  decidedly 
in  favor  of  the  compound  plate ;  but  it  was  evident  that  the  steel  plate  was  not  a  fair 
sample  of  the  manufacture,  as  its  brittleness  was  apparent  in  its  breaking  up  into 
several  pieces. 

In  November,  1882,  very  famous  trials  were  carried  on  at  Spezia  by  the  Italian 
Government,  in  which  the  100-ton  gun  was  used  against  the  plates.  The  contesting 
firms  were  Brown,  Cammell,  and  Schneider.  Each  submitted  a  test  plate  of  10  feet 
10  inches  in  length  by  8  feet  7  inches  wide  by  18.9  inches  thick.  These  plates  were 
fired  at  with  a  projectile  weighing  2,000  pounds,  a  charge  of  powder  of  328  pounds, 
and  a  stricking  energy  per  inch  of  shot  of  372  foot-tons.  At  the  second  round  the 
Brown  plate  was  split  into  six  pieces,  all  of  which  except  one  were  thrown  from  the 
target. 

At  the  second  round  the  Cammell  plate  was  smashed  and  knocked  completely  off 
the  target. 

At  the  third  round  a  portion  of  the  center  of  the  Schneider  plate  was  broken  out,  and 
the  upper  right  quarter  was  displaced. 

*  Extract  from  circular  letter,  Ni^vy  Department,  July  8, 1884. 
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In  this  competition  the  steel  plate  had  the  decided  adyantage,  having  withstood 
the  effect  of  the  eecond  round  without  having  its  capacity  of  protection  destrojred. 

Competitive  trials  have  lately  been  made  by  the  Danish  Government  on  the  island 
of  Amager,  a  suburb  of  Copenhagen,  where*  a  firing  ^ound  is  established.  The  com- 
petitors on  this  occasion  were  foar  in  number,  Schneider,  Brown,  Cammell,  and  Mar- 
rel  Fr^res,  the  latter  submitting  a  compound  plftte  manufactured  under  the  Wilson 
patent,  as  in  the  case  of  the  Cammell  plate.  The  plates  approximated  to  9  inches  in 
thickness,  and  were  4  feet  11  inches  long  by  6  feet  6  inches  in  width.  The  plates 
were  bolted  to  a  9-inch  oak  backing,  with  skin  plating  and  strengthening  plates,  and 
stiffened  by  angle  irons,  and  braced  in  rear  by  heavy  oak  balks. 

The  ^uns  used  were  a  15  cent.  Krapp  and  a  10-inch  Armstrong  muzzle-loader,  using, 
respectively,  a  charge  of  43  pounds,  with  a  projectile  of  112  pounds,  and  a  charge  of 
69  pounds,  with  a  projectile  of  402  pounds.  One  shot  was  fired  at  each  plate  firom  the 
15  cent,  gun,  the  result  being  much  the  same  in  all  cases  so  far  as  the  shot  was  con- 
cerned, as  it  broke  up,  leaving  the  head  sticking  in  the  p^htes.  The  targets  were  all 
more  or  less  cracked  by  this  gun,  the  order  of  merit  being :  No.  1,  Brown ;  No.  2,  Cam- 
mell ;  No.  3,  Schneider ;  No.  4,  Marrel. 

The  first  rouuds  from  the  10-inch  gun  broke  off  the  left  half  of  the  Schneider  plate, 
and  passed  clear  through  the  other  plates,  the  order  of  merit  being :  No.  1,  Brown ; 
No.  2,  Cammell ;  No.  3,  Marrel;  No.  4,  Schneider.  The  failure  of  the  Schneider  plate 
was  evidently  due  to  brittleness. 

Reviewing  the  competitive  trials  cited  above,  we  may  safely  conclude  that  the 
want  of  consistency  in  the  results  of  the  trials  is  not  due  to  any  want  of  uniformity 
in  the  compound  armor.  This  manufacture  has  reached  a  high  point  of  perfection, 
and  the  plates  are  produced  with  certainty  as  to  their  characteristics. 

Such  imperfections  as  they  exhibit  are  due  to  the  system  of  manufacture,  not  to  the 
manipulation  of  separate  plates,  all  of  which  exhibit  a  very  uniform  resistance  to 
shot. 

This  has  not  been  shown  to  be  the  case  with  all  steel-plates.  The  cases  cited  above 
show  some  instances  in  which  steel  was  superior  atid  then  again  inferior  to  the  com- 
pound armor,  showing  a  want  of  uniformity  in  the  results  of  the  manufacture.  The 
failures  are  always  due  to  brittleness,  but  when  this  element  is  successfully  suppressed 
the  companson  is  in  favor  of  the  steel  plate.  It  would  seem  from  this  that  the  actual 
superiority  of  material  rests  with  the  steel,  but  that  the  problem  of  uniformity  in 
manufacture  is  yet  to  be  solved. 

The  question  is  a  difficult  one.  The  hardness  of  the  steel  is  needed  for  the  surface, 
but  if  this  characteristic  be  continued  through  the  whole  mass,  brittleness  will  ensue; 
the  effort  must  be  made  to  combine  a  hard  surface  with  a  softer  material  behind  it, 
but  this  must  be  achieved  in  one  homogeneous  mass.  The  development  of  this  work 
is  steadily  progressing  at  Le  Creusot,  and  the  action  of  the  French  Government  in 
ordering  steel  armor  for  four  new  ships  indicates  its  confidence  in  the  latest  results. 

Harder  faces  have  been  made  without  increasing  the  vulnerable 
cracking,  and  Whitworth  has  repeated  his  successes,  combining  tenac- 
ity with  surface-hardness. 

The  following  comparisons  of  the  tests  of  the  plates  manufactured  by 
Schneider  in  1883  for  the  "Furieux '^  and  those  for  the  "Amiral  Bau- 
din  "  in  1884  will  show  the  great  progress  that  has  been  achieved  at 
Creusot,  the  result  of  the  additional  experience  and  the  improvements 
in  details  that  have  insured  uniformity  and  precision. 

TESTS  OP  ARMOR  PLATES  POR  THE  FURIEUX. 

The  plate  tested  July  13, 1883,  at  the  French  proving-ground  atGavre 
was,  manufactured  at  Le  Creusot  in  the  usual  manner,  and  was  a  tapered 
plalle  for  the  starboard  side  of  the  belt.  It  was  9  feet  10  inches  long,  7 
feet  7  inches  wide,  from  16  to  18  inches  thick,  and  weighed  23  tons  9  cwt. 
It  was  secured  by  20  bolts,  according  to  the  Schneider  system^Jx)  a 
wooden  target  of  the  form  required  by  the  Gavre  committee.  Three 
shots  were  fired  from  a  32-centimeter  (12.6  inch),  model  1870,. navy 
breech-loading  rifle  at  the  apexes  of  an  equilateral  triangle,  whose  base 
was  horizontal  and  31.5  inches  long. 

The  projectiles  were  chilled  shot,  weig]}ing  761  pounds.  The  first  and 
second  shots,  Plates  30  and  31,  struck  the  plates  at  points  16.7  inches 
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Platf  30. 


Plate  31. 
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thick  with  a  velocity  of  1,416  feet  per  second.  The  third  shot,  Plate  32, 
struck  the  plate  at  a  point  17.3  inches  thick  with  a  velocity  of  1,462  feet 
per  second.    The  projectiles  were  broken  np,  all  the  bolts  remained  in- 


Tlatk  :V2. 


tact,  no  portion  of  the  plate  fell  from  the  backing,  and  the  tests,  as  pro- 
posed, were  more  than  met. 

TEST  OF  ARMOR  PLATES  FOR  THE  "AMIRAL  BAUDIN.^' 


The  plate  tested  March  7,  1884,  wa«  tried  at  the  same  place,  with  the 
Name  gun  and  under  the  same  calculated  conditions.  It  was  manufact- 
ured at  Le  Creusot  in  the  usual  manner,  and  was  a  tapered  plate  for  the 
starboard  side  of  the  telt.  It  was  12  feet  9  inches  long,  8  feet  2  inches 
wide,  from  18  to  20  inches  thick,  and  weighed  35  tons  9  cwt. 

The  first  and  second  shots,  plates  33  and  34,  struck  the  x)late  at  points 
18.5  inches  thick,  with  a  velocity  of  1,518  feet  per  second.  The  third 
shot,  plate  35,  struck  the  ])late  at  a  point  19.8  inches  thick,  with  a  ve- 
locity of  1,593  feet  per  second. 

This  plate  was  superior  to  the  "  Furieux"  plate,  as  a  comparison  of 
the  cuts  will  readily  discover,  and  is  an  example  of  the  great  progress 
that  is  going  on  at  Creusot  in  the  manufacture  of  solid  steel  armor. 
The  slight  damage  done  this  plate  demonstrates  the  woudertul  power 
of  resistance,  tenacity,  homogeneity,  and  uniformity  that  characterize 
the  latest  productions  of  the  Creusot  works. 

Descriptions  of  the  latest  competitive  trials  of  compound  and  steel 
armor-plates  will  be  found  on  pages  24  and  25  of  the  appendix. 
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Plate  33. 


Plate  34. 
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A  remarkable  and  most  valuable  feature  of  the  trial  was  that,  after 
receiving  the  shot  from  the  lOO-ton  gun,  the  Schneider  plate  was  so  hot 
that  for  several  hours  it  could  not  bo  touched  within  two  feet  of  the 
hole  made  by  the  shot,  while  in  the  compound  plates  the  traces  of  heat 
were  scarcely  perceptible. 


Plate  36. 


The  importance  that  Lieutenant  Weyl  has  given  this  phenomenon 
should  be  most  carefully  considered,  for  it  proves  incontestably  that  the 
Schneider  plate  not  ouly  absorbed  much  of  the  force  of  the  shot  in 
breaking  it  up,  but  had  received  an  immense  quantity  of  heat,  with 
which  the  projectile  had  parted  in  entering  the  plate.  This  is  of  vital 
concern,  for  if  the  heat  thus  generated  by  impact  on  the  steel  plate  will 
cause  the  explosion  of  the  shell-charge  "prematurely,  before  reaching 
the  interior  of  the  ship,  the  efficiency  of  the  plate  is  greatly  increased, 
and  Weyl  has  rendered  a  most  excellent  service  in  discovering  another 
valuable  property  of  the  solid  steel  plate. 

The  contract  for  the  Lepanto's  armor  was  given  to  Schneider  &  Co. 

In  estimating  the  efficiency  of  armor  it  must  be  remembered  that  the 
acceptance  tests  are  in  many  cases  less  severe  than  the  competitive 
ones,  and  that  the  backing  and  armor  fastenings*  have  such  an  im- ' 
mense  influence  upon  the  results  that  great  care  should  be  taken  to 
look  to  those  competitive  trials  which  have  been  conducted  with  the 
strictest  equality  of  conditions.  The  scientific  exactness  with  which 
the  Italian  experiments  have  been  made  entitle  the  results  obtained  at 

*The  resistiog  power  of  the  armor,  as  determined  by  the  qualities  of  the  metal 
plates,  the  difg)osition  of  the  backing,  and  the  distribatiou  and  strength  of  the  ftet* 
enings.    (Very.) 
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Spezia  to  be  accepted  as  of  the  highest  technical  value.  This  cannot 
be  said  of  the  Danish  experiments  at  Amager  in  1884;  the  lottery  of 
drawing  the  Incky  position  where  the  plate  could  be  properly  attached 
to  the  backing  completely  destroyed  the  comparative  value  of  the  trials. 
Further,  the  plates  were  only  of  medium  thickness.  As  a  result,  how- 
ever, a  contract  .was  awarded  an  English  manufacturer;  repeated  re- 
ception tests  under  this  contract,  in  1885, 1  understand,  were  unsatis- 
factory. 

In  Italy  the  results  have  been  so  decisive,  and  the  Schneider  steel- 
plate  has  shown  itself  so  far  superior  to  the  compound  plates  of  the 
best  makers,  that  the  Italian  Government  has  definitely  committed  itself 
to  the  exclusive  use  of  Schneider  steel  by  establishing  works  at  Terni, 
near  Borne,  for  its  manufacture  and  further  development. 

In  regard  to  future  development,  I  am  not  alone  in  the  belief  that  the 
progress  is  limited  to  steel.  Whether  the  best  steel  plate  will  be 
compounded  mechanically — and'  there  are  those  who  believe  they 
have  devised  the  means — or  whether  the  Schneider  hard  front  and  soft 
back  will  reach  the  highest  development  by  the  methods  he  now  employs, 
the  future  must  decide ;  but  the  great  cost  of  compound  armor,  and  of 
sandwiching  and  accurately  fitting  wrought  iron,  added  to  their  inferior 
resisting  power  and  greater  weight  and  space  occupied,  clearly  demon- 
strate that  for  economic  as  well  as  military  reasons  steel  is  the  best  ma- 
terial for  the  armor  of  ships  and  fortifications. 


STATISTICS. 


Outside  of  Enffland  compoand  armor  is  nsed  on  11  *  French,  2  Russian,  2  Brazilian 
2  Chinese,  1  ItaUan,  1  Danish,  and  1  United  States  ('^Miantonomoh")  vessels.  On 
the  Continent^  however,  opinion  is  more  divided  than  in  England,  and  Schneider  db 
Co.  have  fnmished  plates  for  7t  French,  1  Danish,  1  Swedish,  1  Spanish,  and  4  Italian 
vessels ;  in  all,  inclnding  test  plates,  more  than  ^,000  tons.i  The  contracts  for  the 
armor  of  the  French  ironclads  iHeptnne  (10,500  tons),  Brennus  (9,780  tons),  and  Charles 
Martel  (9,780  tons)  have  not  yet  been  made. 

The  thickest  side  armor  afloat  to-day  is  that  on  the  English  line-of -battle  ship  In- 
flexible, but  it  is  of  wrought  iron  and  sandwiched.  It  consists  of  a  12-inoh  plate,  then 
12  inches  of  teak,  then  another  12-inch  plate,  theh  6  inches  of  teak  strengthened  by 
angle-iron  girders,  and  lastly  an  inner  skin  of  two  1-inch  iron  plates. 

The  thickest  solid  side  armor  afloat  is  that  of  the  two  Italian  lino-of-battle  ships 
Dnilio  and  Dandolo,  which  consists  of  22-ineh  solid  plates  of  Schneider  steel.  It  has 
greater  power  of  resistance  than  the  armor  of  the  Inflexible. 

The  thickest  solid  armor  that  has  passed  the  reception  tests  and  is  about  to  be 
floated  is  22-inch  Schneider  steel  for  the  two  French  line-of-battle  ships  Amiral  Ban- 
din  and  Formidable.  It  is  superior  to  that  of  the  Dnilio  and  Dandolo,  the  steel  being 
harder  and  tougher. 

There  are  196  armor-clad  vessels  in  .the  world  available  for  offensive  operations 
against  the  United  States,  and  42  more  are  building,  making  a  total  of  240.  Of  these, 
194  are  plated  with  wrought  iron,  19  with  all  compound  armor,  12  with  compound 
and  wrought  iron,  10  with  all  steel,  4  with  steel  and  wrought  iron,  and  1  with  st-eel 
and  compound  armor.  Only  8  of  the  42  now  building  have  aU  wrought-iron  armor, 
6  of  these  being  in  Russia.  Only  6  of  the  240  vessels  are  under  2,000  tons'  displace- 
ment; 209  of  the  240  are  over  3,000  tons. 

England  owns  70  armor-clads,  of  which  13  are  building.  France  owns  50,  of  which 
12  are  building.  Ru>sia  owns  24,  of  which  6  are  building.  Italy  owns  19,  of  which  5 
are  building.    Turkey  owns  15.    Oermany  owns  14.    Austria  owns  13,  of  which  3  are 

*  Six  of  these  gunboats. 

t  Two  of  these  gunboats. 

t  lu  comparing  the  amount  of  steel  and  compound  armor  furnished  the  French  navy, 
it  must  not  be  forgotten  that  there  are  three  firms  in  France  manufacturing  the  latter, 
and  that  Crensot  alone  has  furnished  nearly  as  much  as  these  other  Arms  together. 
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building.  Denmark  owns  7,  of  which  one  is  bnilding.  Holland  owns  7.  Spain  owns 
6,  of  wmch  1  is  bnilding ;  Brazil  6,  of  which  1  is  boiKUng.  Japan  owns  3,  Chili  owns 
3,  China  owns  3. 

Besides  these  yessels,  there  are  in  Europe  a  large  number  of  gunboats,  monitorsj 
and  other  vessels  for  coast  defense,  and  an  immense  number  of  nnarmored  cruisers 

The  United  States  has  ready  for  service  but  6  monitors  of  2,100^  and  8  of  1,875  tons 
displacement.  These  monitors  are  twenty  years  old,  their  guns  are  obsolete,  their 
armor  thin,  and  their  power  of  offense  or  defense  is  insignificant.  *  Besides  these  there 
are  four  monitors  of  over  3,800  tons  each,  and  one  (Puritan)  of  over  6,000  tons,  in 
various  stages  of  construction.  The  Miantonomoh,  at  the  New  York  navy-yard^  nas 
hull  and  engines  complete,  and  is  being  supplied  with  armor  and  Kuns.  The  Pnntan, 
Amphitrite,  and  Terror  are  at  private  ship-yards ;  they  have  the  hull  and  ens ines 

Sractically  complete,  and  are  ready  for  their  armor  and  guns.  The  Monadnock,  at 
an  Francisco,  has  the  hull  complete,  but  requires  engines,  armor,  and  guns.  These 
four  monitors  will  require  together  about  3,000  tons  of  armor. 

The  5  large  monitors,  if  armed  with  10-inch  high-power  steel  breech-loading  rifles, 
will  make  good  fighting  ships,  and  will  be  efficient  for  coast  defense  and  for  service 
in  the  West  Indies  or  at  the  Isthmus  of  Panama ;  and  if  armored  with  $ieel  plates 
instead  of  iron  (for  which  they  were  designed),  they  will  have  a  very  much  superior 
power  of  resistance  with  the  same  displacement. 

The  coast-defense  fortifications  of  the  United  States  are  considered  by  all  authori- 
ties to  be  about  worthless ;  we  have  no  torpedo-boats  nor  automatic  torpedoes ;  and 
submarine  mines  and  electrically  controlled  torpedoes  can  be  easily  taken  up  unless 

Srotected  by  guns  and  automatic  torpedoes ;  yet,  from  the  estimates  of  Lieutenant 
riffen,*  United  States  Army,  there  is  now  exposed  to  the  fire  of  an  enemy  on  our 
coast,  in  eleven  cities,  nearly  five  thousand  millions  of  dollars  of  destructible  prop- 
erty. 

*  *<  Our  Sea-Coast  Defenses,"  1885.    Q.  P.  Putnam's  Sons. 
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THE  MANUFACTURE  OF  HEAVY  GUNS 
AND  ARMOR  PLATES. 


[Prepared  for  the  use  of  the  Select  Committee  of  the  United  States  Senate  on  Ordnance  and  War 
ShijM.  By  S.  W.  Powell,  Director  of  the  United  States  Geological  Survey.  With  paper  by  Albert 
Williams,  Jr.,  chief  of  the  Division  of  Mininir  Statistics  and  Technology.] 
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STATEMENT  OF  MB.  J.  W.  POWELL. 

Department  of  the  Intbeioe, 
United  States  Geological  Survey, 

WcLshington^  November  3, 1884. 

To  the  Select  Committee  of  the  United  States  Senate  on  Ordntmce  and  War 

Ships: 

Gentlemen:  I  have  the  honor  to  acknowledge  the  receipt  of  your 
letter  of  the  14th  of  July,  requesting  "information  of  an  exact  charac- 
ter as  to  the  ores  that  will  be  useful  iu  steel-production,  and  much  other 
valuable  data  in  relation  to  this  important  resource  of  military  power.'^ 

On  the  receipt  of  your  request^  attention  was  immediately  given  .to 
the  subject-matter  of  your  inquiries,  and  the  most  thorough  study  of 
the  matter  has  been  made  that  the  short  time  would  permit. 

There  are  three  principal  metallurgic  methods  of  producing  steel  in  . 
vogue  in  the  United  States,  namely,  by  the  Bessemer,  Crucible,  and 
Open-hearth  processes.    The  following  exhibits  the  production  of  steel 
in  the  United  States  during  the  year  1883  by  the  principal  and  minor 
methods : 

Short  tons  (2,000  poonds). 

Beasemer  (acid) 1.654,627 

Open-hearth 133,679 

Crucible 80,455 

All  other  stAel 5,598 

Total*. 1,874,359 

In  the  paper  appended,  Mr.  Williams,  the  statistician  of  the  Geolog- 
ical Survey,  has  summarized  such  information  as  we  possess,  relative  to 
the  quantity  of  Bessemer  ore  mined  in  the  United  States  and  its  dis- 
tribution throughout  the  country.  From  the  facts  presented  it  will  be 
seen  that  we  possess  great  quantities  of  ore  suitable  to  the  ordinary 
acid  process  of  making  Bessemer  st^el,  and  that  they  are  ample  for  all 
probable,  or  even  possible,  demands  for  an  indefinite  time  to  come. 

The  Gilchrist- Thomas,  or  basic  Bessemer  process,  has  not  been  pros- 
ecuted in  this  country,  and  this  leaves  us  without  the  experimental  data 
which  are  indispensable  to  an  opinion  concerning  the  extent  and  distri- 
bution of  ores  suitable  to  it.  But  it  may  be  remarked  that  highly  phos- 
phorized  ores  are  adapted  to  this  ba^ic  process,  and  such  ores  are 
abundant  in  many  localities,  and  nowhere  more  so  than  in  the  coal 
regions  of  the  United  States ;  while  in  respect  to  other  ingredients  the 
constitution  of  the  pig-irons  which  may  be  smelted  from  them  can  or- 
dinarily be  regulated  by  the  smelter  at  will  by  his  management  of  the 
blast-furnace.  It  thus  appears  that  a  cheap,  convenient,  and  practi- 
cally unlimited  supply  of  ore,  suitable  to  the  Bessemer  basic  process, 
may  be  confidently  anticipated  whenever  any  important  demand  shall 
arise. 

With  reference  to  ores  suitable  to  the  production  of  sieel  by  the  Open- 
hearth  processes,  it  may  be  remarked  that  the  problem  presents  even 
less  difficulty  than  with  reference  to  the  Bessemer  processes.    No  method 

*  Total  for  1884,  1,738,985  short  tons.    ("  Mineral  Eesources, "  p.  260.    A.  Williama,  jr.) 
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of  smeltiug  irou  lays  the  prodacer  under  such  stringent  and  narrow  re- 
strictions, relatively  to  the  chemical  constitution  of  the  ores  he  must 
produce,  as  the  Bessemer  acid  process.  Other  methods  of  ore-produc- 
tion usually  permit  the  smelter  to  exercise  a  somewhat  greater  latitude 
in  his  choice  of  ores.  It  will  thus  be  seen  that  the  ores  available  for 
the  Bessemer  process  are  equally  available  for  the  Open-hearth  and  Cru- 
cible processes.  At  our  present  state  of  knowledge  it  seems  .probable 
that  the  Open-hearth  processes  are  the  best  adapted  for  the  production 
of  steel  to  be  used  for  heavy  guns  and  armor  plate;  but,  whatever  pro- 
cess may  be  selected  for  this  purpose,  the  known  bodies  of  ore  are  am- 
ple for  the  production  of  any  quantities  that  may  be  desired,  and  it  is 
highly  probable  that  many  other  bodies  of  ore  known  to  exist,  will,  when 
tested,  prove  to  be  equally  valuable  for  the  production  of  steel. 

There  are  certain  important  lines  of  investigation  suggested  in  rela- 
tion to  this  matter  which  I  should  have  been  pleased  to  undertake,  but 
the  work  in  these  fields  could  not  be  prosecuted  without  some  expendi- 
ture of  money,  and  additional  time  would  have  been  necessary.  One 
of  the  most  important  of  these  relates  to  bodies  of  ore  discovered  through- 
out the  United  States  during  the  past  four  years,  and  reported  as  Bes- 
semer ores.  A  large  number  of  these  exist  in  the  Southern  ApaJachian 
region  and  in  the  far  west.  To  determine  to  what  extent  these  claims 
are  valid,  it  would  have  been  necessary  to  sample  the  various  bodies  of 
ore  and  have  them  carefully  analyzed. 

In  considering  the  facilities  for  manufacturing  large  masses  of  steel, 
the  subject  presents  more  difficulty.  The  castings  required  for  heavy 
ordnance  and  armor  far  exceed  in  size  those  called  for  in  other  construc- 
tions, so  that  no  demand  has  arisen  for  machinery  capable  of  working 
such  masses.  Kor  does  it  seem  probable  that  at  any  time  in  the  near 
future  will  such  a  demand  arise,  except  for  the  construction  of  guns 
and  defensive  plates.  Of  these,  the  Government  is  the  sole  consumer, 
and  should  the  necessary  machinery  be  constructed  for  their  produc- 
tion, its  sole  use  would  probably  be  in  the  making  of  war  material  for 
the  Government. 

It  is  probable  that  large  Open-hearth  furnaces,  adequate  to  the  casting 
of  heavy  ingots,  could  be  added  to  several  of  the  existing  steel  foundries 
of  this  country  at  an  expense  which  might  not  seem  very  formidable  to 
their  proprietors,  and  that  machinery  capable  of  rolling  the  hoops  iwed 
in  nearly  all  modem  built-up  guns,  could  in  like  manner  be  provided  at 
no  very  serious  cost.  But  it  does  not  seem  probable  that  the  very  costly 
plant  for  forging  and  manufacturing  guns  and  armor  plates  would  be 
undertaken  by  private  capital  without  such  assistance  from  the  Gov- 
ernment as  would  be  equivalent  to  a  guaranty  of  the  entire  principal 
and  interest  invested. 

In  view  of  the  above  considerations  it  would  seem  to  be  wiser  for  the 
Government  to  build  and  operate  its  own  factory  for  forging  and  ma- 
chining its  guns  and  armor.  If  by  so  doing,  the  Government  were  com- 
peting with  private  institutions,  well  founded  objections  might  be  raised, 
but  this  case  is  peculiarly  exceptional,  in  that  no  possible  competition 
could  arise  between  national  and  privat<e  factories,  as  the  work  to  be 
done  diflers  altogether  from  that  prosecuted  for  industrial  purposes.  If 
the  articles  required  were  currently  produced  by  various  manufactories, 
and  currently  bought  and  sold  in  the  market,  or  if  they  were  of  such  a 
nature  that  numerous  existing  workshops  could,  with  moderate  changes 
in  their  plants,  easily  furnish  them,  and  the  producers  could  compete 
with  one  another  for  contracts  to  supply  them,  "without  calling  upon 
the  Goverament  for  any  special  subvention,  the  Government  might  then 
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be  regarded  as  a  competitor  of  the  private  mannfeMitories,  should  it  pro- 
ceed to  build  and  operate  its  own  workshops.  But  in  the  manufacture 
ing  of  heavy  ordnance  and  armor,  the  plant  for  producing  them  would 
be  created  for  the  wants  of  the  Government  alone,  and  would  be  em- 
ployed exclusively  in  its  service,  and  competition  would  be  impossible. 
Should  the  Government  subsidize  a  manufacturing  establishment  to 
such  an  extent  as  to  enable  it  to  do  the  work  necessary  for  the  produc- 
tion of  heavy  ordnance  and  armor,  the  relations  thus  established  would 
in  the  end  be  embarrassing.  Having  once  held  out  inducements  for  the 
creation  of  such  an  establishment,  the  Government  would  be  compelled 
in  equity  either  to  keep  it  employed  6r  else  indemnify  it  for  idleness, 
and  thus  it  would  create  a  fruitful  source  of  claims  for  relief  against 
itself.  If,  on  the  other  hand,  the  Government  were  to  build  and  operate 
its  own  factories,  it  would  be  under  no  duress  beyond  its  own  wants  in 
making  appropriations  for  them,  and  would  have  only  its  own  interests 
to  consider. 

But  the  manufacturing  of  steel  ingots  presents  a  different  problem. 
There  are  several  establishments  already  in  existence  which  could  easily 
build  larger  furnaces  and  casting-pits  quite  adequate  to  this  purpose. 
But  the  requirements  of  gun  steel,  in  respect  to  the  physical  and  me- 
chanical properties  of  the'  metal,  are  exacting,  and  it  will  be  more  diffi- 
cult to  obtain  the  necessary  skill  and  experience  than  the  necessary 
casting-plant,  and  whether  it  would  be  better  for  the  Government  to 
establish  furnaces  of  its  own  or  depend  upon  private  furnaces,  I  do  not 
feel  prepared  to  express  an  opinion. 

I  am,  with  respect,  your  obedient  servant,      • 

J.  W.  POWELL. 


STATISTICS  AND  COMMENTS  BY  ALBERT  WILLIAMS,  JR. 
BESSEMER  ORES. 

PRODUCTION  OF  BESSEMER    ORE    IN    THE    UNITED    STATES    IN    THE 

CENSUS  TEAR. 

The  mining  statistics  of  the  Tenth  Census  were  collected  and  discussed 
by  officers  of  the  Geological  Survey.  The  division  in  charge  of  statis- 
tics of  the  non-precious  metals  made  an  attempt  to  segregate,  statistic- 
ally, the  ores  suitable  for  making  Bessemer  steel  from  those  which  were 
not.  The  Bessemer  ores  mined  in  the  United  States  in  the  year  ending 
May  31, 1880,  were  estimated  at  2,113,461  short  tons,  the  total  iron  ore 
product  for  that  year  being  7,974,706  short  tons.  It  should  be  observed 
that  the  ores  designated  as  ^^  Bessemer"  were  not  necessaiily  those 
actually  worked  for  Bessemer  metal,  but  were  merely  such  ores  as  came 
within  the  standard  of  purity  (as  regards  pho^horus  contents)  arbi- 
trarily assumed  for  the  purpose  of  classification.  The  definition  adopted 
is  explained  in  the  following  extract  from  a  letter  (dated  July  28, 1884) 
from  Mr.  Bayard  S.  Putnam,  who  was  Professor  Pumpelly's  assistant 
in  the  census  work : 

All  ore  in  which  the  iron-phosphoras  ratio  does  not  exceed  one-tenth  of  one  per  cent. 
has  been  taken  as  Bessemer  ore.  This  npon  the  assumption,  first,  that  pig-iron  must 
not  contain  more  than  one-tenth  of  1  per  cent,  of  phosphorus  to  be  adapted  to  the 
manufacture  of  Bessemer  steel ;  and,  second,  that  all  the  phosphorus  in  an  ore  enters 
the  piff.  Perhaps  neither  of  these  assumptions  is  strictly  true.  It  is  certain  that  con- 
siderable ore  with  a  phosphorus-iron  ratio  higher  than  00.10  per  cent,  is  used,  mixed 
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with  we^  praoHoally  free  fram  phoBphoTua^  to  make  Bessemer  pig :  and  doubtless  mix- 
tares  of  pig-iron  with  varying  percentages  of  phosphoros  are  also  nsed  in  the  con- 
verter. But  it  was  necessary  to  draw  the  line  spmewhere,  and,  all  things  considered, 
the  limit  adopted  seems  to  be  the  best.  It  will  be  perceived  from  the  .above,  that 
only  such  ore  as  would  make  Bessemer  pig  when  smelted  alone  (that  is,  without  mix- 
ture with  other  ores)  is  counted  as  Bessemer  ore  in  the  table.  Another  critioiflm 
which  might,  perhaps,  bemade  is  that  the  percentage  of  phosphorus  should  be  divided, 
not  by  the  per  cent,  of  iron,  but  by,  say,  105  per  cent,  of  the  percentage  of  iron,  so  as 
to  make  allowance  for  the  carbon,  silicon,  etc.,  in  the  pig. 


[Per  cent.  P  in  ore 
Per  cent.  Fe  in  ore  X  iM 


]- 


=  %Pinpig. 


Doubtless  this  would  have  given  a  close  approximation,  theoretically ;  but,  prac- 
tically, it  would  not  have  altered  the  figures  appreciably. 

In  regard  to  the  samples  and  analyses  on  which  the  classification  is  baaed,  the 
sampline  of  the  iron  mines  was  very  carefully  done  under  Professor  Pumpelly's  direc- 
tion, and  the  analyses  represent  very  closely  the  '*run  of  mine"  at  the  time  tiie 
samples  were  taken.  Some  analyses  were  made  of  tpeoimeMf  to  throw  light  upon  the 
distribution  of  phosphorus  in  certain  ores,  but  in  such  cases  analyses  were  also  made 
of  %ampleB  of  ore  from  the  same  deposits.  The  Michigan  ore  samples  consisted  not 
only  of  stock -pile  and  stope  samples  at  the  mines,  but  also  samples  from  large  stook- 

Eiles  at  Cleveland,  Ohio.  The  samples  consisted  of  small  chips,  about  the  size  of 
ickory  nuts,  and  weighed  from  seven  to  forty  pounds  each.  In  many  of  tbe^  samples 
there  were  several  thousand  chips.  All  the  important  mines  in  the  country  were 
sampled,  and  a  sufficient  number  of  samples  were  taken  from  the  different  limonite 
and  fossil  ore  banks  of  the  South  to  indicate  the  character  of  the  belts.  Owing  to  iJie 
exhaustion  of  the  appropriation  the  analyses  of  the  Pennsylvania  samples,  with  the 
exception  of  those  from  Cornwall  and  some  of  the  allied  deposits  of  magnetite,  were 
not  made;  and  the  data  for  the  classification  of  these  ores  (with  the  exception  of  the 
manietites)  were  obtained  from  the  second  goeloglcal  survey  of  Pennsylvania.  There 
will  doubtless  be  some  alteration  in  the  figures  representing  this  State.  The  magnet- 
ite is  probably  correctly  stated,  but  there  is  considerable  fimonite  imm2  for  Bessemer, 
and  it  is  certainly  probable  that  more  than  50,000  tons  of  this  ore  is  sufficiently  free 
firom  phosphorus  to  come  into  the  table.  The  classification  was  ;aade  with  consider- 
able care;  at  the  same  time  it  is,  after  all  is  said,  but  an  approximation.  But  I  be- 
lieve it  to  be  a  close  one. 

The  following  table  has  been  kindly  fdrnished  from  the  manuscript 
census  report  of  Prof.  Baphael  Pumpelly  on  ^*  Non-precious  metal  ore." 
In  this  table  is  included  only  such  ore  that,  if  smelted  alone,  would  pro- 
duce pig  containing  not  more  than  one-tenth  of  one  per  cent,  of  phos- 
phorus. It  should  be  stated  here,  however,  that  ore  with  a  higher  iron- 
phosphorus  ratio  than  0.10  is  used  in  mixture  in  the  manufacture  of 
Bessemer  pig.    Tons  are  short  tons  of  2,000  pounds : 

Be8»emer  ore  product  in  the  year  etiding  May  31, 1880,  by  States  and  kinds. 


State. 

MagneUte. 

Hematite. 

Limonite. 

Total. 

Percent 

Mf^ini^ ,         .          

!Pon8, 

Tons. 

Tons. 
6,000 
80,055 

Tons. 

6,000 
948,589 
28?;  980 
114,841 
360,821 

2,862 
380,608 

5,600 

6,160 

0  28 

Michigan 

47,800 

821,284 
287,960 

44  88 

Miaaouri 

ia.63 

New  Jersey 

ii4,84i 

33e,016 

2,750 

831,350 

5.43 

New  York. 

24,805 
112 

40,258 
5,600 
2,800 

17  07 

North  Cait)lina * 

0.14 

Pennsylvania 

laoi 

Tennessee 

a27 

Virginia 

3,860 

a29 

Total 

832,257 
39.38 

1,112,674 
52.65 

168,630 
7.97 

^%^S 

Percent 

loaoo 

The  accompanying  diagram,  which  has  been  prepared  from  the  census 
figures,  illustrates  graphically  the  sources  of  Bessemer  ore  and  the  rela- 
tive quantities  mined  in  that  year  of  the  three  mineralogical  types — 
magnetite,  limonite,  and  hematite. 
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TanA 


760,000. 


600^000. 


Production  of  Bessemer  Ore  in  the  United 
States  during*  the  year  endingr  May  31, 1880. 

From  statistics  flemished  by  Professor  PumpeOy. 
Tons  are  'short*  tons  of  2000  Ws, 


600,000. 


60,000 
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From  these  statistics  it  appears  that,  in  the  census  year,  Michigan 
yielded  very  nearly  one-half  of  the  total  Bessemer  ore  prodact  of  the 
United  States  (948,000  short  tons,  as  against  a  total  of  2,113,000  short 
tons),  and  that  of  the  Michigan  output  by  far  the  greater  part  was 
hematite.  The  Michigan  ores  classed  as  Bessemer  formed  considerably 
over  one-half  of  the  total  iron-ore  output  of  the  State  in  the  census  year, 
as  may  be  seen  by  reference  to  a  subsequent  table.  In  point  of  quan- 
tity, Pennsylvania,  New  York,  and  Missouri  stood  on  a  par;  the  Besse- 
mer ores  of  the  two  first  named  States  being  mainly  magnetite,  while 
those  of  Missouri  were  wholly  hematite.  The  magnetite  ores  of  New 
Jersey  formed  a  considerable  factor  in  the  question  of  supplies. 

As  regards  the  mineralogical  kinds  of  ore  ranked  as  Bessemer  in  the 
preceding  table,  hematite  takes  the  lead  (1,112,000  tons),  closely  fol- 
lowed by  magnetite  (832,000  tons),  while  limonite  (168,000  tons)  forms 
only  about  a  twelfth  part  of  the  total.  The  classification,  however,  is 
merely  approximate.  It  is  true  that  little  reliance  can  be  placed  upon 
the  mineralogical  name  given  to  an  ore  as  a  guide  to  its  purity,  some 
magnetites,  for  example,  running  quite  high  in  phosphorus. 

THE  PRODUCTION  OF  BESSEMER  ORES  m  THE  UNITED  STATES  IN  1883. 

Replies  from  Mr.  James  M.  Swank  j  secretary  of  the  American  Iron  and 
Steel  Association  {August  9,  1884). 

Q.  The  total  iron-ore  production  of  the  United  States  in  1883  being 
estimated  at  about  9,000,000  long  tons  (of  2,240  pounds),  of  this  how 
much,  in  your  opinion,  could  be  classed  as  Bessemer  ore;  not  how  much 
was  used  in  making  Bessemer  steel,  but  how  much  might  have  been 
properly  so  used  f  Please  distinguish  between  ore  which  could  be  used 
alone,  and  ore  requiring  to  be  mixed. — A.  Fully  2,600,000  tons  could 
have  been  nsed  alone  in  the  production  of  Bessemer  pig-iron,  and 
another  1,000,000  tons  could  have  been  used  in  mixture  vrith  pure  ores. 

Q.  On  what  definition  of  <^  Bessemer  "  ore  do  you  base  this  estimate  t — 
A.  The  possession  of  a  small  percentage  of  phosphorus. 

DOMESTIO  SOUROES  OF  BESSEMER  ORES. 

Nearly  the  whole  present  domestic  supply  of  Bessemer  ores  comes 
from  the  Lake  Superior  district  in  Michigan;  the  Ghamplain  district  of 
New  York,  and  Missouri.  In  the  latter  State  the  sources  are  the  Iron 
Mountain  and  Pilot  Knob  region.  Besides  these,  there  are  the  Tilly 
Foster  mines,  Putnam  County,  New  York;  the  Hudson  Biver  mines, 
Columbia  County,  New  York;  the  mines  of  Northern  New  Jersey:  the 
Cornwall  mines,  near  Lebanon,  Pa.;  the  mines  of  the  Colorado  Coal  and 
Iron  Company,  in  Colorado;  the  Cranberry  mines,  in  Western  North 
Carolina,  and  various  openings  in  Virginia. 

Valuable  deposits  have  already  been  discovered  in  the  far  West  (see 
pages  145  to  148,  "  Mineral  Kesources  of  the  United  States ''),  notably  in 
the  Eocky  Mountain  region,  though  they  have  not  yet  been  developed 
to  any  extent,  and,  with  the  exception  of  a  few  beds  opened  in  Colorado, 
actual  tests  on  a  working  scale  are  wanting.  The  distance  from  any 
but  a  restricted  local  market  will  always  operate  unfavorably  against 
these  western  sources;  and  while  in  time  Colorado,  Wyoming,  and  Utah 
will  undoubtedly  become  self-supporting  as  regards  iroQ  and  steel  manu- 
factures, and  their  works  will  be  to  a  certain  extent  protected  by  the 
heavy  freights  from  competition  of  the  Eastern  furnaces,  foundries, 
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and  mills,  it  is  evident  that  for  the  present  purposes  their  capabilities 
have  little  significance.  The  same  remark  applies  to  the  ore  beds  of 
the  Pacific  coast.  To  a  tract  of  coantry  at  no  great  distance  from  the* 
Eastern  seaboard,  we  must  look  for  our  ore  supplies.  Even  Michigan, 
Missouri,  and  iN'orthem  'New  York  are  at  a  great  disadvantage  in  point 
of  freights,  when  competing  at  centers  so  remote  from  their  iron  mines 
as,  for  example,  Pittsburgh. 

THE  LAKE  SUPERIOR  DISTRICT. 

The  entire  yield  of  all  kinds  of  iron  ore  from  the  Lake  Superior  dis- 
trict has  been  reported  by  Mr;  A.  P.  Swineford,  the  present  State  com- 
missioner of  mining  statistics,  as  follows : 


Calendar  years. 


1856  and  previona 

1867 

1858 

1859 

1860 

1861 

1862 

1863 

1864 

1865 

1866 

1867 

1868 

186© 

1870 


Long  tons. 


86, 
25, 
22, 
88, 
114, 
114, 
124, 
203, 
247, 
193, 
296, 
465, 
510, 
639, 
869, 


Calendar  years. 


1871 

1872 

1873 

1874 

1875 

1876 

187^ 

1878 

1879 

1880 

1881 

1882 

1883 

Total 


Long  tons. 


813,984 

948,663 

1,195,234 

935,488 

910, 840 

993, 311 

1, 025, 129 

1,125,093 

1,414,182 

1, 987, 598 

2, 321, 315 

2,948.307 

2,352,889 


22,943,689 


The  quality  of  the  Lake  ores  is  excellent,  the  phosphorus  and  sul- 
phur contents  being  very  low ;  but  the  freights  to  the  works  in  Western 
Pennsylvania,  where  the  greater  part  of  these  ores  are  smelted,  add 
greatly  to  their  cost,  and  in  localities  near  the  seaboard  they  can  hardly 
compete  with  foreign  ores  under  existing  conditions.  The  want  of  suit- 
able fuel  in  the  neighborhood  of  the  Lake  iron  mines  is  severely  felt. 
The  Michigan  charcoal  iron  industry  is  not  at  present  of  great  importance. 
Smelting  with  charcoal,  though  producing  fine  pig,  is  an  operation 
which  is  economically  at  a  disadvantage  as  compared  with  smelting  with 
coal  and  coke,  while  the  latter  fuels  are  steadily  being  used  to  better 
effect  in  i)oint  of  quality  of  the  product.  Modern  improvements  in  blast- 
furnace practice,  and  the  use  of  mineral  fuel  nearly  free  from  sulphur, 
have  greatly  changed  the  relations  between  charcoal  iron  and  that  made 
with  coal  or  coke  or  mixed  coal  and  coke. 

THE  OHAMPLAIN  DISTBIOT. 

Mr.  Swank  has  estimated  the  total  iron-ore  output  of  the  Ghamplain 
district  during  the  calendar  year  1883  at  500,000  long  tons.  Mr.  Frank 
S.  WitherbeCj  of  Port  Henry,  Essex  County,  New  York,  in  response  to 
an  inquiry,  writes  (August  7)  that  of  this  amount  202,000  tons  may  be 
(Classed  as  ore  suitable  for  the  acid  Bessemer  process;  defining  such 
ore  as  that  running  below  .08  per  cent,  phosphorus  and  .15  per  cent, 
sulphur.  These  202,000  tons  were  mined  by  the  following-named  com- 
panies : 

Tons. 

Chateaugay  Company,  Plattsburg,  N.  Y.  (estimated) 100, 000 

Crown  Point  Iron  Company,  Crown  Point,  N.  Y.  (estimated) 60, 000 

Port  Henry  Iron  Company,  Port  Henry,  N.  Y 16,000 

Witherbees,  Sherman  &  Co.,  Port  Henry,  N.  Y 11,000 

Palmer  Hill  Company,  Au  Sable  Forks,  N.  Y.,  and  other  mines  (estimated)..     15, 000 

202,000 
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Mr.  Witherbee  states  that  if  the  basic  process  were  adopted,  the  prod- 
uct of  the  Port  Henry  Company  (of  ore  suitable  for  making  Bessemer 
-steel  by  the  basic  process)  should  be  placed  at  260,000  tons;  that  is, 
extending  the  definition  to  include  all  ores  containing  1  per  cent,  phos- 
phorus and  below  5  per  cent,  silicon. 

Mr.  Witherbee  writes : 

The  production  of  1883  is  hardly  a  fair  criterion  of  the  capacity  of  this  region,  a» 
the  Chateaugay  Ore  and  Iron  Company  and  Witherbees,  Sherman  &  Co.  have  pro- 
cured additional  machinery  and  have  developed  new  territory,  which  now  enables 
them  to  deliver  the  ore  cheaper,  and  also  to  greatly  increase  their  output  of  strictly 
Bessemer  oreQ.  I  have  mentioned  the  cold-short  ores  of  this  region,  as  with  the  Thomas- 
Gilchrist  basic  process,  now  in  use  in  Europe,  I  understand  that  they  have  been  con- 
sidered of  value  for  steel  plates  and  armor.  The  late  Mr.  A.  L.  Holley,  of  New  York, 
and  Mr.  I.  Lowthian  Bell,  of  England,  have  both  told  me  that  they  considered  the 
rich  magnetites  of  this  region  as  the  best  ores  in  the  world  for  that  process,  being 
high  in  phosphor  as  and  low  in  silicon. 

Mr.  Witherbee  makes  the  following  replies  to  questions : 

Q.  Of  tJtie  usual  run-of-mine,  what  is  the  phosphorus  contents  f— -A. 
Below  .03  per  cent. 

Q.  Sulphur  contents  f — A. .  None. 

Q.  Titanium  contents  f — A.  None. 

Q.  What  is  the  composition  of  the  purest  selected  ore  of  the  district, 
obtainable  in  sufficient  quantity  (an  average  analysis,  if  possible)! — A. 

Metallic  iron 68.24 

Oxygen 26.01 

Siliceous  matter 4.32 

Alumina 28 

Lime 14 

Phosphoric  acid 038 

Water 38 

Undetermined 592 

Total 100.000 

This  ore  is  known  as  New  Bed  Pure,  and  is  sold  on  a  guarantee  of  65 
per  cent,  iron,  &c.  It  is  a  mine  recently  acquired  by  Witherbees,  Sher- 
man &  Co.,  Port  Henry,  N.  Y.,  and  is  capable  of  producing  50,000  tons 
per  annum. 

Q.  What  is  the  present  price  of  Ohamplain  ores,  at  the  mine,  per  long 
ton  ! — A.  New  Bed  Pure  ore,  $4  at  Port  Henry ;  Chateaugay  ore,  $2.76 
at  Plattsburg ;  basic  ores,  $2.50  at  Port  Henry. 

Q.  Where  and  how  were  the  shipments  of  1883  smelted  (whether 
mixed  with  other  ores,  for  what  grade  of  iron  worked,  whether  con- 
verted or  made  into  other  steels  than  Bessemer,  &c.)  f — A.  The  ores 
were  mixed  with  other  ores  and  smelted  for  Bessemer  pig  at  Bethlehem 
and  Scranton,  Pa.,  Franklin  and  Secaucus,  N.  J.,  Hudson,  Fort  Edward, 
Crown  Point,  and  Plattsburg,  N.  Y.  At  the  forges  of  the  Chateaugay 
Company  a  large  amount  of  ore  was  separated  and  worked  up  into  steel 
billets,  &c. 

In  this  district  (Champlain)  500,000  tODS  could  easily  be  produced 
of  strictly  Bessemer  ores,  yielding  alone  50  per  cent,  of  iron  and  within 
the  limits  in  phosphorus  and  sulphur.  For  the  basic  process,  the  sup- 
ply of  ores  yielding  65  per  cent,  of  iron  and  about  1  per  cent,  phos- 
phorus is  practically  unlimited.  The  best  soft  steel  madeabroad  for  ships 
is,  I  understand,  made  by  the  basic  process.  These  ores  seem  to  be  the 
cheapest  raw  material  in  this  country,  as  they  can  be  sold  at  tidewater 
for  $3.50  per  ton,  with  a  guaranteed  yield  of  63  per  cent,  in  the  fur- 
nace. 
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REPLIES  FROM  MR.  A.  L.  INMAN,  PLATTSBURG,  N.  Y.,  AUGUST  19,  1884. 

Q.  Mr.  Swank  states  the  production  of  the  Champlain  districft  in  1 883 
at  about  500,000  long  tons.  Of  this,  how  much,  in  yoar  opinion,  was 
Bessemer  ore,  or  ore  suitable  for  steel-making  t — A.  I  think  Mr.  Swank 
underestimates  the  amount  of  ore  from  the  Champlain  district  for  1883. 
At  all  events  there  was  raised  from  the  Chateaugay  and  Grown  Point 
mines  in  1883,  280,000  tons,  and  in  addition  there  was,  I  should  say, 
50,000  tons  raised  from  Port  Henry,  Au  Sable,  and  Verona,  making  a 
total  of  330,000  tons  of  steel  ores  from  Champlain  district. 

Q.  What  proportion  of  the  shipment  in  1883  was  magnetite f — A.  All 
magnetite. 

Q.  What  is  your  definition  of  a  "Bessemer"  oref — A.  An  ore  compara- 
tively low  in  sulphur,  and  that  will  produce  a  metal  not  exceeding  .10 
to  .12  per  cent,  phosphorus. 

Q.  Of  the  usual  run-of-mine,  what  is  the  phosphorus  contents! — 
A.  Chateaugay  ore,  .02  per  cent;  Crown  Point  ore,  .023  per  cent. 

Q,  Sulphur  contents! — A.  .04  per  cent. 

Q.  Titanium  content*  f — A.  Traces  only. 

Q.  What  is  the  composition  of  the  purest  selected  ore  of  the  district 
obtainable  in  sufficient  quantity  (an  average  analysis,  if  possible)! — 
A.  Chateaugay  ore,  average  sample  of  ore  taken  from  seven  openings 
upon  the  vein,  near  Lyon  Mountain,  New  York,  and  which  is  believ^ 
to  &At\j  represent  the  ore  as  shipped  to  market,  contains — 

Magnetic  oxide  of  iron 70. 592 

Alumina 1.283 

Lime 4.260 

Magnesia 2.112 

Manganese Traces. 

Silica 19.260 

Phosphoric  acid 0.031 

Snlphnr 0.088 

Water 1.080 

Also  small  quantities  of  carbonic  acid,  alkalies,  and  so  forth,  which 
we  did  not  deem  worth  determination. 

Metallioiron 51.118 

Phosphoms 0.013 

(Analyzed  by  Booth,  Garrett  &>  Blair.) 

Crown  Point  ore — 

Peroxide  of  iron 49.72 

Protoxide  of  iron 20.62 

Protoxide  of  manganese 0.21 

Alumina 2.62 

Lime 1.16 

Magnesia 0.68 

Silica 24.52 

Phosphoric  acid....' 0.06 

Snlphnr 0.02 

Iron '50.84 

Phosphorns 0.026 

(Analyzed  by  A.  S.  Bertolet.) 

Q.  What  is  the  present  price  of  Champlain  ores,  per  long  ton  f — ^A. 
Sold  delivered  on  board  cars,  or  vessels,  at  the  lake,  at  an  average  price 
of  about  $3  per  long  ton. 

Q.  Where  and  how  were  the  shipments  of  1883  smelted  (whether 
mixed  with  other  ores,  for  what  grade  of  iron  worked,  whether  con- 
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verted  or  made  into  other  steels  than  Bessemer,  &c.)f — ^A.  They  are 
generally  mixed  with  other  ores,  and  in  1883  were  smelted  at  Port 
Henry,  Crown  Point,  Fort  Edward,  Troy,  Albany,  and  Poaghkeepsie, 
N.  Y.,  and  at  Scranton  and  Bethlehem,  Pa.,  for  the  production  of  Bes- 
semer and  a  fine  grade  of  mill  iron.  I  think  that  75,000  to  100^000  tons 
of  steel  ore,  produced  in  this  district,  is  manufactured  by  the  Chateau- 
gay  Ore  and  Iron  Company,  the  Crown  Point  Iron  Company,  and  others, 
into  billets  and  blooms  (in  the  Catalan  forges)  for  the  production  of 
steel  plate  and  crucible  steel,  &c. 

Q.  In  brief,  what  is  your  opinion  as  to  the  independence,  or  other- 
wise, of  the  United  States  as  regards  imports  of  Spanish  or  other  oree ; 
the  capacity  of  the  Champlain  district }  the  purposes  to  which  the  ores 
of  that  district  are  best  suited ;  whether  the  import  of  ore  is  metaHnr- 
gically  necessary  or  merely  a  question  of  economy,  &c.  t — A.  In  answer 
to  this  question  I  include  in  the  Champlain  district  the  Hudson  JEUver 
mines  near  Catskill,  as  they  are  practically  in  the  same  district,  and  the 
ore  is  accessible  to  all  points  reached  by  the  Lake  Champlain  ores.  The 
possible  output  of  the  Chateaugay,  and  also  the  Hudson  Biver  mines, 
with  the  present  developments  and  those  in  progress,  is,  in  my  judgment, 
practically  unlimited,  and  could  be  made  commensurate  with  every 
eastern  demand  of  the  United  States,  or  in  markets  accessible  to  the 
foreign  ores  of  Europe  or  Cuba;  and  the  mixture  of  these  two  ores,  or  a 
mixture  of  Chateaugay,  Crown  Point,  and  Hudson  Eiver  ore  would,  in 
my  judgment,  make  as  good  Bessemer  as  can  be  made  from  any  ore, 
foreign  or  produced  in  the  United  States. 

THE  PENNSYLVANIA  ORES. 

BepUesfrom  Prof.  Andrew  8.  McOreathj  of  the  Second  Oeologioal  Surveif 
of  Pennsylvaniaj  Harrisburg^  Pa.  {August  7,  1884). 

Q.  Are  strictly  Bessemer  ores  mined  in  Pennsylvania  f — A.  There  are 
no  ores  in  Pennsylvania  which  could  be  depended  upon  to  yield  any- 
thing like  a  permanent  or  reliable  supply  for  the  manufacture  of  Besse- 
mer pig-iron,  to  be  made  exclusively  from  native  ores.  Many  of  our 
ores  are  sufficiently  low  in  phosphorus  to  be  considered,  generally  speak- 
ing, Bessemer  ores,  and  there  are  many  others  just  outside  of  that  limit, 
per  sey  but  which  could  be  used  as  a  mixture  for  Bessemer  pig-iron  with 
ores  practically  free  from  phophorus.  Were  it  not  that  Cornwall  ore 
^Lebanon  County)  contains  more  or  less  copper,  so  that  a  pig-iron  made 
trom  it  alone  could  not  be  depended  upon,  as  a  regular  supply,  for  Bes- 
semer steel,  without  using  other  irons  free  from  copper  with  it  to  bring 
the  average  down  to  a  safe  point,  it  would  form  our  largest  supply  of 
low-phosphorus  ore.  The  Dillsburg  District  (York  County)  yields  con- 
siderable ore  low  enough  in  phosphorus  to  be  considered  Bessemer  ore. 
In  Lehigh,  Berks,  and  Chester  Counties  there  are  small  banks  yielding 
ores  low  enough  in  phosphorus  for  Bessemer  pig,  but  in  no  case  do  these 
form  an  appreciable  amount  of  the  ore  used  in  our  Bessemer  pig-iron 
production.  All  of  these  are  magnetites.  In  Centre,  Blair,  and  Hunt- 
ingdon Counties  considerable  limonite  is  mined  and  used  in  the  manu- 
facture of  Bessemer  pig,  but  only  in  conjunction  with  foreign  or  Lake 
Superior  ores.  We  have  no  red  hematite  in  Pennsylvania  worth  con- 
sidering in  connection  with  the  production  of  Bessemer  pig-iron.  Prac- 
tically speaking,  therefore,  Pennsylvania  has  no  Bessemer  ores  which 
could  be  depended  upon  alone  to  supply  the  stock  to  our  blast-furnaces 
now  making  Bessemer  pig. 
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Q.  What  is  your  deflBitioD  of  a  Bessemer  ore  t — A.  On  this  praotioal 
basis,  I  would  consider  a  Bessemer  oveaB  one  whose  composition  is  suoh 
that  it  could  be  smelted  alone  to  produce  a  quality  of  pi^-iron  that  could 
be  depended  upon,  in  itself,  to  yield  a  uniform  quality  of  Bessemer 
steel,  showing  neither  red-shortness  nor  cold-shortness  ki  the  finished 
metal.  This  applies  to  a  single  ore :  but  a  mixture  of  two  or  more  ores 
naight  produce  an  iron  suitable  for  Bessemer  steel,  which  any  one  of  the 
ores  in  the  mixture  might  not  do  per  se.  On  this  basis  we  have  con- 
siderable ore  in  Pennsylvania  which  might  be  classed  as  '^  ore  suitable 
for  Bessemer  pig-iron;"  but  there  is  no  single  ore  in  quantity  which 
would  come  in  under  the  first  definition. 

Q.  What  are  the  mineralogical  classes  of  Pennsylvania  ores  t— A. 
Chiefly  magnetite  in  Eastern  Pennsylvania;  with  limonite  in  middle  or 
Western  Pennsylvania,  as  already  stated  in  my  answer  to  a  previous 
question. 

Q.  Are  any  of  the  Pennsylvania  ores  used  in  the  production  of  Bes- 
semer pig  worked  alone,  or  are  they  always  smelted  in  mixture  with 
other  ores  t— A.  Mixed  generally  with  imported  ores  at  the  eastern  fur- 
naces, and  with  lake  ores  at  Pittsburgh  and  Johnstown,  although  occas- 
ionally there  with  foreign  ores. 

Q.  Briefly,  what  progress  is  the  basic-process  making  in  Pennsylvania 
steel  works  t — ^A.  At  only  one  works  in  the  United  States  ^the  Peun- 
sylvania  Steel  Works,  at  Harrisburg)  has  the  basic  process  oeen  tried. 
An  excellent  quality  of  steel  has  b^n  made ;  but  thus  far  the  cost  of 
making  the  steel  has  been  so  great  as  not  to  render  the  system  here  a 
practical  success  as  compared  with  the  acid  method. 

Q.  Would  its  success  greatly  extend  the  availability  of  American 
ores  t — ^A.  The  practical  success  of  the  basic  process,  by  which  a  uni- 
form quality  of  steel  can  be  made  firom  high-phosphorus  ores,  will  un- 
doubtedly render  available  a  large  class  of  ores  now  but  little  used. 
It  will  also  enable  the  large  piles  of  mill-cinder,  carrying  from  1  to  1.60 
per  cent,  of  phosphorus,  to  be  used  in  the  blast-furnace  without  the 
usual  objection  to  ^<  cinder  iron.'' 

I  have  tried  to  answer  these  questions  from  a  practical  standpoint, 
and  have  not  considered  the  usual  definition  of  a  Bessemer  ore  as  one 
whose  contents  of  iron  and  phosphorus  are  such  that  it  will  make  pig- 
iron  carrying  not  over  one  tenth  of  1  per  cent,  of  phosphorus. 

THS  mON  ORES  OF  NBW  JERSEY. 

From  the  following  replies  of  Mr.  I.  P.  Pardee,  treasurer  of  the  8e- 
caucus  Iron  Company,  of  Stanhope,  N.  J.  (August  23, 1884),  it  appears 
that  the  iron  ores  of  this  State  are  not  very  highly  regarded  by  the 
producers  of  Bessemer  pig — ^at  least  for  smelting  alone : 

Q.  Professor  Oook  states  the  production  of  iron  ore  in  New  Jersey 
during  the  year  1883  at  521,416  long  tons.  Of  this,  how  much,  in 
your  opinion,  was  Bessemer  ore  (that  is,  ore  suitable  for  making  Bes- 
semer pig,  without  mixture  with  other  ores)  f — ^A.  I  do  not  know  of  any 
ore  now  being  mined  in  New  Jersey  that  is  suitable  for  the  manufac- 
ture of  Bessemer  pig  here  without  admixture  with  other  ores. 

Q.  Whatisyourdefinitionof  a  Bessemer  ore  t  Per  cent,  phosphorus ; 
per  cent  sulphur  f— -A.  We  do  not  bay  any  ore  for  making  Bessemer 
pig-iron  having  more  than  .04  per  cent,  phosphorus  or  sulphur. 

Q.  Oan  you  give  a  foir  ideal  analysis  of  the  best  New  Jersey  ore.  ob- 
tainable in  quantity  t — A.  The  best  ores  of  New  Jersey  are  all  too  nigh 
in  phosphorus  for  the  manufacture  of  Bessemer  iron.  An  average 
4963  OB 15 
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analytis  of  the  Dickerson  ore,  from  probably  the  (ddeet-worked  mine 
in  the  State,  and  one  of  the  best  ores  (magnetite),  is : 

Metallio  iron 60  to  65 

Phosphonis 0.371 

SiHca /. 5.848 

The  analysis  was  made  by  Mr.  John  M.  Sherrerd,  chemist  of  the  Troy 
Steel  Works, 

Q.  Present  average  price  per  ton  of  2,240  pounds  at  mine  of  differeait 
kinds  of  New  Jersey  ores  t — ^A.  Magnetic  ores  containing  60  per  cent. 
metallic  iron  can  be  bought  now  for  from  (2.50  to  (2.75  per  ton. 

Q.  Any  further  information  t— A.  The  little  ore  that  has  been  mined 
in  New  Jersey  and  used  for  Bessemer  iron  has  never  been  used  without 
admixture  with  foreign  ores  or  ores  from  other  States.  The  ore  rich  in 
iron  is  high  in  sulphur.  There  are  two  or  three  small  veins  in  New 
Jersey  of  ore  very  low  in  phosphorus,  running  sometimes  down  to  0,014 
per  cent,  phosphorus;  but  their  ores  are  very  lean,  and  the  mines  have 
been  abandoned  on  account  of  the  small  percentage  of  iron. 

The  statistics  of  the  output  of  New  Jersey  iron  ore,  as  compiled  by 
Prof.  (George  H.  Oook,  are  as  follows : 


CalendM:  yean. 

JjongUmB. 

CalondwyMn. 

i^^tao. 

1790 , 

10,000 
20.000 
100.000 
104,800 
228.000 
278.007 
802,888 
480,000 
000,000 

1878 

8881080 
400^874 
488.028 
748^000 
7S7.062 
882.782 
621,418 

lilBO 

1874 

SS:;::::;:;:;:::;:::::;;:::::;::;;::: 

1878 

IMO      .. 

1878 

1084 

1870      

1887 

1880 

1870 

1881 

1871 

1882 

1873 

1888 

WHAT  IS  A  BSSSEHEB  OBBt 

Definitions  of  <'  Bessemer?  ore,  as  accepted  by  Professor  Pumpelly, 
Professor  McCreath,  and  others,  have  already  been  quoted.  The  defi- 
nitions in  vogue  in  the  United  States  refer  exclusively  to  ore  used  in 
making  pig  which  is  converted  into  Bessemer  steel  by  tibie  common  acid 
method,  as  the  basic  process  has  only  been  introduced  experimentally 
in  this  country.  An  ore  which  will  make  pig  suitable  for  the  ordinary 
converter,  and  whose  final  product  is  good  Bessemer  metal,  is  taken  as 
a  type  of  steel  ores.  When  the  basic  process  shall  have  reached  sack 
a  development  in  the  United  States  as  it  already  has  abroad,  a  field  wiU 
be  opened  for  ores  higher  in  phosphorus  than  those  which  are  now  mar- 
ketable. The  basic  process  is  also  applicable  in  the  manufacture  of 
open-hearth  steel. 

The  following  question  being  asked :  <<  What  is  your  definition  of  a  <  Bes- 
semer' ore  (maximum  percentoge  in  ore  of  sulphur  and  phosphorus)!  "•— 

Mr.  Bobert  Forsyth,  of  the  Spang  Steel  and  Iron  Company,  of  Pitts- 
burgh, replies :  <*  Strictly  speaking,  a '  Bessemer'  ore  is  one  which,  witli 
reasonably  pure  flux,  will  give  a  pig  with  not  more  than  0.10  per  cent. 
phosphorus.  If  the  ore  holds  60  per  cent  metallic  iron,  it  should  not 
exceed  0.05  per  cent,  in  phosphorus,  and  with  leaner  ores  still  less  woolfi 
be  allowable.  The  sulphur  in  an  ore  is  rarely  an  obstacle  to  its  use  in 
the  blast  furnace,  as  by  proper  furnace  management  a  great  deal  of  sul- 
phur can  be  removed.    An  ore  holding  0.50  per  cent,  sulphur  is  not 
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necfiSfiarily  unfit  for  steel  making.  The  other  impurities  commonly 
found  in  iron  ores,  with  the  exception  of  titaniumy  are  not  important." 

Mr.  Alexander  H,  Sherrerd,  chemist  of  the  Lackawanna  Iron  and 
Coal  Company,  says :  '<  The  amount  of  sulphur  in  the  ore  depeuds  so 
much  upon  the  nature  of  the  ore,  and  the  working  of  the  furnace  using 
it,  that  it  is  almost  impossible  to  give  definite  figures.  The  hurtful 
amount  of  phosphorus  in  steel  made  by  the  acid  process,  depend^  to  a 
very  great  extent  on  the  amount  of  carbon,  silicon,  and  manganese  with 
it  in  Qie  metal.  These  elements  have  different  degrees  of  hardness  and 
deleterious  power,  which  is  only  approximately  understood,  and  which 
should  be,  and  can  be,  carefully  worked  out  by  experiment  That  is  to 
say,  when  some  of  these  elements  are  at  their  minimum  others  may  be 
at  their  maximum,  the  steel  remaining  of  the  same  quality." 

Mr.  8.  T.  Wellmau,  superintendent  of  the  Otis  Iron  and  Steel  Com- 
pany, of  Cleveland,  says:  <^For  the  acid  process,  ores,  to  make  good 
Bessemer  pig,  should  not  contain  more  than  0.06  per  cent,  phosphorus 
and  0.03  per  cent,  sulphur." 

Mr.  John  Birkinbine,  of  Philadelphia,  Pa.,  gives  the  following  defini- 
tion: ^<  Whatever  amount  of  sulphur,  phosphorus,  &c.,  the  steel  works 
can  use  economically  in  mixing  with  the  ores  forming  the  base  of  the 
charge." 

Mr.  W.  F.  Mattes,  of  Scranton,  says :  <^A  precise  definition  cannot  be 
given,  as  phosphorus  and  sulphur  may  vary  according  to  combination 
with  other  elements.  But  for  the  purpose  of  a  standard,  our  chemist 
has  agreed  upon  the  following  for  a  first-class  Bessemer  ore:  Phospho- 
rus, .0008  per  unit  of  metallic  iron ;  sulphur,  .005  per  unit.  In  a  50  per 
cent  ore  this  will  give:  Phosphorus,  .04  per  cent.;  sulphur,  .25  per 
cent. 

AMEBIOAN  AND  FOREiaN  ORES. 

The  question  being  asked,  <^  What  is  the  present  status  of  the  United 
States  in  regard  to  independence  of,  or  dependence  upon,  imports  of 
foreign  ore  t  Are  the  imports  metallurgically  necessary,  or  are  they 
merely  used  for  economic  reasons  f " — 

Mr.  James  M.  Swank,  secretary  of  the  American  Iron  and  Steel  As- 
sociation, replies:  ^'Tnere  is  no  scarcity  of  Bessemer  ores  in  this 
country,  the  supply  being  limited  only  by  the  demand ;  but  for  eco- 
nomic reasons  we  annually  ]mx)ort  about  one-fourth  of  our  supply  of 
ores  required  in  the  production  of  Bessemer  pig  iron." 

^'How  do  our  best  Michigan,  Champlain,  and  Kew  Jersey  ores  com- 
pare with  Spanish  or  other  imported?" 

Mr.  S.  T.  Wellman,  superintendent  of  the  Otis  Iron  and  Steel  Com- 
pany, of  Cleveland,  replies :  ^<  They  generally  contain  more  phospho- 
rus." 

Mr.  W.F.  Mattes  says:  '<Best  Michigan,  Champlain,  and  Hudson 
Eiver  ores  compare  favorably ;  New  Jersey  and  Cornwall  (Pa.),  unfavor- 
ably; Virginia  deposits,  disappointing;  Korth  Carolina,  undeveloped 
and  transportation  costly ;  Iron  Mountain  and  Colorado,  too  remote." 

Mr.  £.  S.  Mofbt  says:  <^In  my  opinion  the  best  Michigan  and  Cham- 
plain ores  compare  favorably  with  any  of  tibe  imported  ores." 

Mr.  Alexander  H.  Sfierrerd  says:  **  Very  favorably." 

Mr.  John  Birkinbine  says:  <<Will  probably  average  as  good  in  qual- 
ity, but  our  ores  are  often  more  refractory." 

The  gentlemen  whose  answers  are  here  quoted  (with  the  exception  of 
Messrs.  Swank  and  Birkinbine)  are  conavmers  of  iron  ores.  Their  opin- 
ions seem  to  differ  considerably,  but  this  is  owing  to  the  broad  way  in 
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whidi  the  question  is  put^  and  to  the  different  standpoints  from  which 
it  is  viewed.  Perhaps  a  fair  statement  of  the  case,  and  one  which  will 
reconcile  the  discrepancies  of  the  foregoing  opinions^  would  be :  There 
are  in  the  United  States  ores  fully  equal  to  the  foreign  ores  which  we 
import.  As,  however,  the  imported  ores  are  the  best  of  their  class,  they 
should  be  compared,  not  with  the  average  run  of  what  are  considered 
good  Bessemer  ores,  but  with  the  best  selected  native  ores;  and  when 
this  view  is  taken  it  will  be  seen  that  the  domestic  ores  compare  favor- 
ably with  the  imported,  class  for  class,  and  that  there  is  no  (Ufficulty  as 
to  quantity.  The  high  fi^eights,  resulting  from  the  long  distances  of  our 
best  mines  from  the  great  metallurgical  centers,  prevent  the  consumer 
Irom  exercising  a  free  choice  in  the  selection  of  ores,  and  in  making  a 
comparison  between  the  domestic  and  the  foreign  ores  he  is  bound  to 
consider  the  economic  side  of  the  question.  It  seems  to  be  a  fact  that 
those  smelters  who  rely  most,  or  altogether,  upon  the  native  ores  have 
the  best  opinion  of  them.  A  good  ore  is  a  good  ore,  whether  it  comes 
from  Spain,  or  from  Michigan,  or  frx)m  the  Ohamplain  district;  so  far  as 
quality  alone  is  concerned,  the  question  is  merely  one  of  analyses.  But 
there  is  no  disguising  the  fact  that  at  some  furnaces,  under  the  existing 
tariff  and  the  present  ocean  freights,  a  better  foreign  ore  can  be  laid 
down  than  can  be  had  frt)m  domestic  sources  at  the  same  price.  Ore 
brought  at  low  rates  of  freight  or  as  ballast,  and  carried  a  short  dis- 
tance from  the  port  of  entry,  can  readily  compete  with  domestic  ore  car- 
ried long  distances  by  rail,  the  duty  being  offset  by  the  original  cheaper 
cost  of  mining.    This  statement  holds  only  for  certain  localities. 

Krupp  and  many  other  foreign  consumers  procure  large  quantities  of 
their  ores  from  mines  outside  of  their  own  countries,  especially  from 
those  of  Spain ;  in  such  cases  the  imports  are  necessary  ttom  metallur- 
gical reasons.    Our  imports  cannot  fairly  be  thus  explained. 

THE  IMPORTATION  OF  ORE  AND  SPISaEL.. 

The  question  being  asked^  <<  Is  the  importation  of  ore  and  spiegel 
necessary  from  a  metallurgical  standpoint,  or  merely  a  question  of 
economy  f  " 

Mr.  Bobert  Forsyth  says:  ^<The  importation  of  ore  is  an  economical^ 
that  of  spiegel  (at  present)  a  metallurgical,  necessity." 

Mr.  W.  F.  Mattes  says :  <<  Importation  of  ores  is  a  question  of  economy 
merely.    Imx)ortation  of  spiegel  is  a  necessity  at  present." 

Mr.  £.  S.  Moffat  says :  <^  There  is  enough  good  ore  in  the  United  States 
to  make  all  the  steel  that  is  needed ;  consequently,  the  importation  of 
ore  is  not  a  metallurgical  necessity.  Excellent  steel  is  made  at  Scran- 
ton,  by  the  Lackawanna  Iron  and  Goal  Company,  entirely  from  Ameri- 
can ores.  Some  of  the  Eastern  steel  works  are  so  located,  however,  that, 
as  the  duties  now  are,  there  is  economy  in  using  the  foreign  ores.  At 
present  it  is  probably  necessary  to  import  some  spiegel." 

Mr.  Alexander  H.  Sherrerd  says:  ^^ Neither.  Kot  necessary  nor  eco- 
nomical, if  very  slight  attention  is  given  to  the  subject" 

Mr.  S.  T.  Wellman  says :  **  Merely  a  question  of  economy." 

Imparts  of  iron  ore,        • 


Calendar  yean. 


Iffil. 
1883. 
1888. 


Long  tone. 


782,867 
689^666 
480,876 


Values. 


$8.222, 652 
1.640,564 
1,297,981 
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The  imports  were  principally  irom  Spain.  It  will  be  observed  that  the 
decline  in  1883,  as  compared  with  the  imports  for  1881  and  1882,  is  greater 
proportionally  than  the  set-back  to  the  iron  trade. 


SPIEGBLEISBN. 

The  question  being  asked,  ^^How  does  American  Spiegel  compare 
with  imported  V^ — 

Mr.  Swank  says :  ^^  We  seem  to  have  a  sufficient  supply  of  manganesic 
oreSy  which  are  used  in  the  production  of  spiegeleisen,  but  our  supply  of 
these  ores  has  not  been  fully  developed,  because  of  the  very  low  prices 
at  which  the  spiegeleisen  itself,  of  foreign  manufacture,  could  be  ob- 
tained. We  man^actured,  however,  in  this  country  last  year  24,574 
net  tons  of  spiegeleisen,  partly  from  domestic  and  partly  from  foreign 
ores.'' 

Mr.  S.  T.  Wellman  says :  '^ As  most  American  spiegel  is  made  from 
foreign  ore,  it  is  of  about  the  same  character  as  foreign  spiegel." 

Mr.  Eobert  Forsyth  says :  '^  Very  little  of  the  spiegel  made  here  is  as 
good  as  the  foreign  article." 

Mr.  W.  F.  Mattes  says :  "  Quality  slightly  inferior  to  best  imported, 
and  supply  inadequate." 

Mr.  E.  S.  Moffat  says :  ^^  There  is  not  much  American  spiegel  on  the 
market,  and  in  the  manufacture  of  that  which  is  made  by  some  of  the 
Bessemer  steel  works  for  their  own  use,  I  think  foreign  ores  are  used 
pretty  liberally.  Probably  the  average  of  American  spiegel  is  a  little 
behind  the  average  of  foreign  spiegel  in  quality." 

Mr.  Alexander  H.  Sherrerd  says :  ^'  It  can  be  made  just  as  good  by 
practice.  We  have  every  requisite.  Not  enough  attention  has  been 
given  to  the  subject." 

Mr.  John  Birkinbine  says :  '^  It  can  be  made  equal  to  imported." 

The  last  two  replies  point  rather  to  the  future  capabilities  of  the 
country  than  to  the  existing  state  of  the  industry.  So  far  as  can  be  as- 
certained, American  spiegel,  made  exclusively  from  native  ores,  is  not  at 
present  as  highly  esteemed  as  the  imported  spiegel ;  though,  allowing 
the  percentage  of  manganese  to  be  the  same,  there  should  be  no  differ- 
ence. But  while  spiegel  is  an  essential  in  the  making  of  steel,  it  does 
not  fonn  a  large  item  in  the  total  cost.  Our  steel-makers  could  manage 
very  well  without  foreign  spiegel ;  and,  as  Mr.  Sherrerd  points  out,  too 
little  attention  has  been  given  to  the  manufacture  of  spiegel  from  native 
manganiferous  ores. 

PraduoHan  of  spiegel  in  the  United  State: 

Net  tons. 

1875 7,832 

1876 6,616 

1877 8,845 

1878  10,674 

1879 13,931 

1880  19,603 

1881 21,086 

1882 21,963 

1883  24,574 

1884  33,893 

(From  the  auaaal  report  for  1884  of  the  secretary  of  the  American  Iron  and  Steel 
Amooiation.) 
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BTBELS. 

THE  CAPABILITIES  OF  AMEBIOAN  WOBKS. 

The  following  question  was  addressed  to  the  several  gentlemen  whose 
replies  are  quoted  below : 

^^  Can  American  works  (as  now  equipped)  produce  any  grade  of  steel 
which  might  be  called  for  by  Government  specifications,  for  armor  and 
'guns,  equal,  metallurgically,  to  foreign!'' 

Prof.  Andrew  8.  McCreath,  of  Harrisburg,  says:  "Pennsylvania  steel 
works  can  produce  the  necessary  quality  and  quantity  of  steel  tor  guns 
and  armor  plate  equal  to  the  best;  but  without  perhaps  at  present  the 
machinery  to  handle  and  work  properly  steel  for  the  largest-sized 
guns.  This  is  simply  because  such  machinery  is  not  required  for  their 
general  run  of  work.  American  ores  can  be  used  alone  to  produce  the 
finest  quality  of  steel." 

Mr.  W.  F.  Mattes,  of  Scranton,  says :  "  Yes,  in  limited  quantities. 
In  special  cases  a  little  time  for  experimenting  may  be  requiied." 

Mr.  E.  S.  Moffat,  of  Scranton,  says :  <^At  present  only  to  a  limited  ex- 
tent; but  with  sufficient  encouragement  this  capacity  would  be  rapidly 
increased." 

Mr.  Bobert  Forsyth,  of  the  Spang  Steel  and  Iron  Company,  Pitts- 
burgh, says:  "A  number  of  American  works  can  produce  steel  for 
these  purposes  equal  to  anything  imported,  but  not,  as  yet,  in  the  large 
masses  which  are  needed  for  guns  and  armor." 

Mf^'or  Bent,  of  the  Pennsylvania  Steel  Works,  Harrisburg,  says : 
'*  They  can." 

Mr.  John  Birkinbine,  of  Philadelphia,  says:  ^^They  can,  if  specifica- 
tions are  prepared  by  practical  men.  Any  specified  grade  can  be  made, 
but  possibly  not  the  quantity  required." 

Mr.  Alexander  H.  Sherrerd,  chemist  of  the  Lackawanna  Iron  and 
Goal  Company,  Scranton,  says:  <<  Most  decidedly  they  can.  All  that  is 
necessary  for  American  steel-makers  to  furnish  the  best  of  steel  for  all 
purposes  is  care  and  intelligence  in  manipulation." 

RELATIVE  OOST  OF  AMEBIOAN-MADE  STEEL. 

In  answer  to  the  following  question,  <<  Under  existing  conditions, 
about  what  will  be  the  additional  cost  of  American-made  steel  of  the 
grades  required,  as  compared  with  foreign  steel  of  the  same  quality  laid 
down  in  the  United  States  duty  free!" — 

Professor  McCreath  replies :  <'  I  have  not  the  necessary  data  to  prop- 
erly answer  this  question;  but  with  steel  rails  in  England  at  (25  and 
American  rails  at  (27.50,  without  profit  to  either  party,  the  difference 
in  cost  cannot  be  so  very  much." 

Mr.  E.  S.  Moffat  says :  "  Probably  about  26  per  cent." 

Mr.  W.  F.  Mattes,  says :  <<  Generally  the  higher  the  grade  the  greater 
the  difference,  because  of  increased  percentoge  of  labor  items.  For 
high  qualities,  say  SO  per  cent." 

Mr.  Alexander  H.  Sherrerd  says :  '^  The  difference  in  price  of  labor 
should  be  the  only  factor." 

THE  OHOIOE  OF  STEELS. 

Beplies  to  questions  addressed  to  experts  regarding  the  choice  of  steel 
for  making  heavy,  high-powered  rifles  elicit^  very  discordant  replies. 
G^ie  answer  will  evidently  depend  upon  the  system  of  constraotion 
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adopted.  The  Gun  Foundry  Board  recommend  open-hearth  steel 
forged  by  hydraulic  pressure,  the  guns  to  be  built  by  shrinking  steel 
hoops  upon  a  steel  tube.  For  guns  to  be  cast  solid  (which  under  the 
existing  state  of  the  art  are  necessarily  only  of  the  smaller  calibers) 
either  open-hearth  or  Bessemer  steel  could  be  used,  perhaps  without 
forging.  It  is  within  the  possibilities  that  the  system  of  fluid  com- 
pression may  be  so  far  perfected  as  to  admit  of  castings  of  sufficient 
size  to  be  made  sufficiently  dense  and  homogeneous  to  be  utilized  for 
making  the  largest-sized  gun's  in  single  masses;  but  at  present  the 
balance  of  opinion  is  decidedly  in  favor  of  built-up  guns,  in  which  all 
of  the  parts  are  forged,  either  by  steam-hammers  or  by  the  hydraulic 
press.  The  latter  is  strongly  recommended  by  the  Board.  The  built^^ 
up  system  admits  of  smaller  masses,  which  are  easier  to  cast,  forge, 
and  work,  and  which  are  more  conveniently  transported  from  the  steel 
works  to  the  gun  factory.  It  should  be  noted  that  the  Gun  Foundry 
Board,  in  making  their  suggestions,  have  followed  the  best  European 
authorities,  and  propose  nothing  which  is  untried  and  not  already 
adopted  in  actual  practice  abroad. 

For  armor,  the  question  is  even  in  a  more  unsettled  state  than  for  guns. 
The  selection  of  metal  and  the  thickness  used  depend,  of  course,  on  the 
power  of  the  guns  to  he  opposed  and  the  character  of  the  projectiles  to 
be  resisted,  and,  if  the  armor  is  for  vessels,  upon  the  size  and  construc- 
tion of  the  latter.  Besides,  there  are  limits  to  the  thickness  of  plate 
which  can  be  forged  with  existing  machinery.  A  series  of  thin  plates 
does  not  offer  the  same  resisting  power  as  a  single  heavy  plate.  At 
present,  in  the  race  between  guns  and  armor,  the  former  seem  to  have 
a  decided  advantage.  The  recent  trials  at  Spezzia  have  demonstated 
that  the  100-ton  guns  are  capable  of  overcoming  any  armor  now  carried 
by  ships,  provid^  the  blow  be  delivered  squarely  and  from  a  reasonable 
distance.  £ven  the  compound  armor — a  hard-faced,  tough-backed  com- 
bination, but  still  of  solid  plate — of  which  so  much  was  anticipated, 
has  proved  disappointing.  However,  the  guns  to  be  met  in  actual  war- 
fare will  seldom,  for  some  time  at  least,  be  of  such  a  destructive  char- 
acter. Bessemer  steel  is  the  cheapest ;  crucible  steel,  the  hardest ;  opeu- 
hearth  steel,  probably  the  most  uniform ;  while  wrought-iron  is  a  tough 
and  reliable  material,  which,  though  punctured  more  readily  than  steel 
and  deficient  in  deflective  or  breaking  efiect  upon  the  projectiles,  does 
not  shatter.  The  monograph  of  Lieutenant  Very,  XJ.  8.  N.,  on  the  evo- 
lution of  armor,  and  that  of  Lieutenant  Jaques,  U.  S.  !N.,  amplifying 
the  report  of  the  Gun  Foundry  Board,  give  very  full  accounts  of  the 
present  status  and  kinds  of  armor ;  and  it  is  not  attempted  in  these 
brief  notes  to  add  to  the  exhaustive  discussions  referred  to.  There 
would  be  no  difficulty  in  obtaining  American  steel  for  armor  plate  tally 
equal  in  quality  to  foreign,  though  in  masses  of  limited  size ;  but  the 
appliances  for  forging  and  machining  are  wanting. 

SHOTJLD  SHIPS  AND  GhUNS  BE  OONSTEUOTED  AT  aOVBRNMENT  WORKS 
OB  AT  PRIVATE  EBTASLISHMENTS  t 

It  is  difficult  to  say.  The  nation  which  is  most  successful  in  its 
armament,  and  operates  on  the  largest  scale— Great  Britain^pursues 
both  methods ;  and  the  contract  system  there  seems  to  piuswer  well ; 
at  all  events,  there  are  no  open  scandals  on  account  of  failure  on  the 
part  of  the  contractors  in  point  of  quality,  nor  as  to  exorbitant  costs. 
There  is,  it  is  true,  much  greater  competition  between  private  builders 
in  Great  Britain  than  can  be  expected  in  this  country  for  some  time. 
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It  ahould  be  remembered,  howerver,  that  when  our  officials  have  full j 
determined  what  classes  of  vessels,  what  system  of  armor,  what  typo  of 
guns  they  really  want,  it  is  merely  a  question  of  drawing  up  careful 
specifications,  making  searching  tests  of  material  and  workmanship, 
and  rigidly  insisting  upon  a  strict  compliance  with  the  plans.  Thus  far, 
unfortunately,  a  remarkable  diversity  of  opinion  has  been  developed. 
Surely  we  have  men  of  sufficient  capability  in  designing  and  honesty  in 
executing  to  insure  satis&ctory  results  as  to  quality ;  while,  if  our 
naval  and  ordnance  services  are  to  be  developed  to  an  efficient  i>oint, 
the  size  of  the  orders  to  be  filled  will  create  a  certain  amount  of  com- 
petition, since,  when  new  and  extensive  plant  is  required,  new  bidders 
will  be  induced  to  appear.  On  the  other  hand,  in  the  past  the  Govern- 
ment arsenals  and  yards  have  turned  out  excellent  work,  though  not 
on  a  very  extensive  scale.  As  to  the  relative  expense  of  the  two  sys- 
tems, no  opinion  is  here  ventured. 

For  the  manufacture  of  heavy  guns  the  Oun  Foundry  Board  recom-. 
mend  the  establishment  of  two  gun  factories,  one  for  the  Army  and  one 
for  the  Navy,  at  which  the  parts  of  the  guns  shaJl  be  machined  and 
assembled ;  but  that  the  steel  masses  required  shall  be  purchased  from 
private  steel  works.  A  similar  arrangement  would  answer  in  armor- 
making,  but  one  works  being  required.  It  is  probably  true  that  a  sav- 
ing in  expense,  provided  work  is  to  be  prosecuted  on  a  large  scale, 
would  be  made  if  the  making  of  the  steel  and  its  manufacture  into  guns 
or  armor  could  be  conducted  together,  as  is  done  in  some  European 
works ;  but  it  is  not  considered  ^visable  fbr  the  Government  to  enter 
into  the  business  of  a  manuikcturer  any  further  than  it  is  compelled  to. 
Should  it  be  deemed  best  to  buy  the  armor,  in  a  finished  state,  from 
private  works,  the  necessary  appliances  for  rolling  heavy  plates  can 
be  attached  to  a  favorably  situated  Bessemer  mill  at  a  cost  of  about 
(400,000,  as  estimated  by  Mr.  Mattes  and  others*.  No  company,  of 
course,  could  afford  to  change  their  plant  unless  assured  of  practically 
steady  work  for  a  term  of  years. 

OPEN-HEABTH  STEBL.  WORKS. 

The  following  list  of  the  open-hearth  steel-makers  of  the  United 
States  is  appended  in  view  of  the  preference  which  has  been  expressed 
for  this  kind  of  steel  as  a  material  for  high-powered  guns.  The  list  is 
taken  from  the  Directory  of  the  Iron  and  Steel  Works  of  the  United 
States  for  1884,  published  by  the  American  Iron  and  Steel  Association. 
It  should  be  noted,  however,  that  in  some  cases  the  capacities  quoted 
represent  the  actual  working  limit,  while  other  furnaces  are  rated  ac- 
cording to  the  nominal  capacities  as  estimated  at  the  time  of  construc- 
tion: 

NEW  HAMPSHIRE. 

Nashua  Iron  and  Steel  Company,  Nashua.    Oae  10-ton  Siemens  furnace. 

VBBMONT. 

Saint  Albans  Iron  and  Steel  Works,  Saint  Albans.    One  10-ton  Siemens  furnace. 
Idle. 

MASSACHUSETTS. 

Bay  state  Iron  Company,  Boston.  One  6- ton  Siemens  furnace.  Not  in  operation 
for  several  years, 

Norway  Steel  and  Iron  Company,  23  Mason  Building,  Boston.  Three  10-ton  Siemens 
furnaces. 

NEW  YOKK. 

Jobiisou  (Isajuj  G.)  Sl  Co.,  Spuyten  Duyvil.     Ouo  8-ton  open-bearth  furnace. 
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NBW  JBR0BT. 

Newark  Steel  Works,  Beqjbmin  Atha  A.  Co.,  Newark.    One  7*ton  Siemens  fiunaoe. 

PEMNSTLVANIA. 

Bethlehem  Iron  Company,  Bethlehem.  Bnilding  two  15-ton  Siemens-Pemot  fur^ 
naces. 

Black  Diamond  Steel  Works,  Park,  Brother  &  Co.,  Pittsburgh.  De^.line  to  give 
information.  * 

Cambria  Iron  Company,  Johnstown.    Two  12-ton  Siemens-Pemot  fomaces. 

Chester  Rolling  Mills,  Chester.    Two  15-ton  Siemens  fnmaces. 

Fort  Pitt  Foundry,  Mackintosh,  Hemphill  &  Co.  (limited),  Pittsburgh.  Two  7-ton 
Siemens  furnaces. 

Frankford  Steel  Works,  Adam  Tindel,  Frankford,  Philadelphia.  Building  a  5-ton 
Siemens  furnace. 

Glen  wood  Steel  Works,  Leishman,  Gordon  d^  Snyder,  Pittsburgh.  One  5-ton  Siemens 
furnace. 

Grover,  Oier  &  Co.,  limited,  Danville ;  Philadelphia  office,  330  Walnut  street.  One 
20-ton  Siemens  furnace. 

Hnssey,  Howe  &,  Co.,  limited,  Pittsburgh.    One  7-ton  Siemens  furnase. 

Juniata  Iron  and  Steel  Works,  Shoenberger  &  Co.,  Pittsburgh.  Two  12-ton  Sie- 
mens fumaoes- 

Leechbura  Sheet-Iron  and  Tin  Plate  Works,  Eirkpatrick  &  Co.,  limited,  Leechburg. 
Office,  143  First  avenue,  Pittsburgh.    One  10-ton  Siemens  furnace. 

Linden  Steel  Company,  limited,  Pittsburgh.  One  7-ton  and  one  10-ton  Siemens 
furnace. 

Midvale  Steel  Company,  Nicetown  post-office,  Philadelphia.  One  7-ton  and  two  12- 
ton  Siemens  furnaces. 

Pennsylvania  Steel  Company,  Steelton.  Office,  206  South  Fourth  st.,  Philadelphia. 
Two  30-ton  Siemens  furnaces. 

Singer,  Nimick  &  Co.,  limited,  Pittsburgh.    One  10-ton  Siemens  furnace. 

Soho  Iron  Mills,  Moorhead  &  Co.,  Pittsburgh.    One  12-ton  Siemens  furnace. 

Spang  Steel  and  Iron  Company,  limited,  Pittsburgh.  One  7-ton  Siemens  furnace 
completed  and  one  10-ton  Siemens  furnace  building. 

Standard  Steel  Casting  Company,  Thurlow,  Delaware  County.  One  10-ton  Siemens 
furnace. 

West  Peun  Steel  Works,  Joseph  G.  Beale,  Leechburg.    One  7-ton  Siemens  furnace. 

KJEMTUCKY. 

Mitchell,  Tranter  &  Co.,  Second  and  Race  streets,  Cincinnati.  Woiks  at  Coving- 
ton, Ky.    One  7-ton  Siemens  furnace. 

TBNNSSSEX. 

Roane  Iron  Company,  Chattanooga.    Two  10-ton  Siemens  fnmaoes. 

OHIO. 

Burgess  Steel  and  Iron  Works,  Portsmouth.    One  8-ton  Siemens  furnace. 

Canton  Steel  Works,  Bolton  Steel  Company,  Canton.    One  10-ton  Siemens  furnace. 

Cleveland  Rolling  Mill  Company,  Cleveland.  Three  7-ton  and  two  15-ton  Siemens 
furnaces. 

Otis  Iron  and  Steel  Works,  Otis  Iron  and  Steel  Company,  Cleveland.  Four  15-ton 
Siemens  furnaces. 

Portsmouth  Iron  and  Steel  Works,  John  Means,  trustee,  Ashland,  Ey.  Works  at 
Portsmouth.    One  10-ton  Siemens  furnace. 

Solid  Steel  Company,  Alliance,  Stark  County.    One  10-ton  open-hearth  furnace. 

Whitley,  Fasler  &  Kelly,  Springfield.    Building  an  open-hearth  furnace. 

Youngstown  Steel  Company,  Toungstown.    One  20-ton  Siemens  fiimace. 


Calumet  Iron  and  Steel  Company,  Chicago.    Four  Siemens  furnaces. 
Springfield  Iron  Company,  Springfield.    Two  20-ton  Siemens-Pemot  furnaces. 

CALIFORNIA.. 

Pacific  Rolling  Mill  Company,  16  First  street,  post-office  box  No.  2,032j  San  JYan- 
cisoo.    One  Siemens  furnace. 
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Total  nnmber  of  opeB-hearth  steel  works  in  the  United  States,  35  completed  and 
3  boilding ;  nnmber  of  fnrnao^,  58  oompleted  and  5  building. 

OENEBAL  OONGIiUSIONS. 

The  United  States  is  metallnrglcally  independent  as  to  its  iron  ores, 
iron,  and  steel.  Economically  speaking,  it  is  at  a  disadvantage  in  point 
of  costs  of  materials  and  labor.  The  difference  is  abont  one-qnarter, 
certainly  within  one-third,  in  excess  of  the  price  of  similar  steels  for 
arms  and  armor  imported  from  foreign  countries,  and  laid  down  on  the 
eastern  seaboard  free  of  duty.  American  works  can  produce  any  grade 
of  iron  or  steel  demanded,  though  for  special  qualities  and  unusual 
quantities  some  modifications  in  processes  and  plant  may  be  required. 
Oiven  an  order  for  metal  of  a  certain  hardness,  tensile  strength,  &c.,  if 
the  specifications  are  within  the  present  capabilities  of  foreign  estab- 
lishments, that  metal  can  be  made  in  the  United  States.  In  time*  of 
peace  it  is  reasonable  to  pay  the  additional  cost,  for  the  sake  of  secur- 
ing entire  independence  in  the  event  of  war.  We  have  skilled  engi- 
neers and  intelligent  artisans.  We  are  lacking  in  experience,  but,  per 
contray  we  can  profit  by  that  of  others  without  undergoing  all  the  ex- 
perimental stages.  Innovations,  if  meritorious,  succ^d  with  great  ra- 
pidity here.  We  should  not  waste  money  in  unnecessary  experiment 
Too  many  crude  failures  have  been  made  already.  We  should  know 
first  of  all  exactly  what  we  want,  then  the  getting  of  it  becomes  a  mat- 
ter of  mere  detail.  Whatever  plans  are  adopted  must  he  far-sighted, 
aimed  toward  a  steady  development  of  our  resources.  In  mechanical 
appliances,  such  as  heavy  rolls  and  hammers,  our  shops  are  tar  behind 
the  times  in  regard  to  size,  but  not  as  to  pattern,  the  lighter  machinery 
being  considered  fully  equal  to  that  of  foreign  works. 

IBONSHIP  BUILDINa  IN  THE  UNITED  STATES. 

The  following  table,  compiled  ftt)m  the  reports  of  the  Assistant  Beg- 
ister  of  the  United  States  Treasury,  gives  the  number  and  tonnage  •f 
iron  vessels  built  in  the  United  States  in  each  fiscal  year  since  1868, 
when  their  construction  in  this  country  was  commenced : 


Yean. 

No. 

Tonnage. 

Yean. 

No. 

Tommige. 

1898 

2,801 
4.584 
8,281 
15,479 
12,766 
26,548 
33,007 
21,632 

1876 

25 
7 
32 
24 
31 
42 
43 
85 

21,346 

1809             

1877 

6,927 
2S96O 

1870 

1878 

1879 

1871 

22,008 

1872 

20 
26 
28 
20 

1880 

25,582 

1873 

1881 

28,356 

1874 

1882 

40.097 

1875 

1883 

39,646 

STATISTICAL  CHARTS. 


The  following  diagrams,  illustrating  the  production  of  the  different 
kinds  of  steel  in  the  United  States,  and  comparing  this  production  with 
that  of  other  countries,  have  been  drawn  by  Mr.  Williams  from  the  fig- 
ures published  in  ti^e  annual  report  of  Mr.  James  M.  Swank,  secretary 
of  the  American  Iron  and  Steel  Association,  for  1883.* 


*  Correoted  for  1884.    (Chftlrman.) 
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STEEL  PRODUCTION   OF  THE  WORLD. 
For  1884,  except  Ruosia,  (1882,)  Sweden, 

Metrtc  tons  of  2204  Ibts.,  except  Great 
Great BrHam.               Britain,  United  States,  Ruflsia,  and  other 

coxmtiiee,  for  wlilch  Iodb^  tona  of  2240  lbs. 

4 

^  '^(f(f(^(fQ 

Ikuhd  Staixfii. 

« 

" 

f  Off 0,0^  ' 

P^rm4in^.                                                                             j^n^^ 

SOO,(^(fP 

^Ihari^r                                                                           raaa/iA 

1                    H^^^iuiH, 

1      1  t^S,.^^^-'-^'^- 

BTATSKEHT  OF  MB.  JAMBS  M.  8WAHL 

Philadelphia,  Pa.,  February  12, 1885. 

The  Chairman.  Please  state  yonr  name  and  present  position. 

Mr.  Swank.  James  M.  Swank,  vice-president  of  the  American  Iron 
and  Steel  Association. 

The  Chairman.  What  i^  your  age,  and  of  what  scientific  associations 
are  you  a  memberf  Please  state  your  experience  in,  and  what  statistics 
you  have  prepared  on,  the  subject  this  committee  is  investigating. 

Mr.  Swank.  I  am  in  my  fifty-third  year.  I  have  never  l^n  practi- 
cally engaged  in  the  manufacture  of  iron  or  steel,  but  I  can  properly 
say  that  for  more  than  thirty  years  I  have  been  familiar  with  the  man- 
ufacture of  iron,  and  that  during  the  half  of  this  period  I  have  been 
familiar  also  with  the  manufacture  of  steel — in  both  cases,  however, 
possessing  only  that  fi^niliarity  which  may  be  said  to  pertain  to  close 
observation  and  carefhl  study  of  thes^  industries.  My  knowledge  of 
the  industries  mentioned,  such  as  it  is,  is  commercial,  economic,  statis- 
tical, and  historical.  My  position  in  connection  with  this  association 
has  not  required  the  possession  of  practical  technical  knowledge,  and  1 
have  never  pretended  to  possess  it.  I  do  claim,  however,  to  bi  reason- 
ably familiar  with  the  other  features  of  the  manufiEMSture  of  iron  and 
steel  which  have  been  above  enumerated.  I  edited  and  published  a 
newspaper  in  an  iron  town  for  many  years,  and  during  my  twelve  years' 
connection  witti  this  association  I  have  compiled  and  edited  all  its  pub- 
lications, and  have  recently  published  a  history  of  the  manu&cture  of 
iron  in  all  ages.  I  am  not  an  active  member  of  any  scientific  associa- 
tion. 

The  Chairman.  Is  there  material  in  this  country  out  of  which  the 
best  gun-steel  can  be  madef 

Mr.  Swank.  Without  being  familiar  with  all  the  qualities  that  would 
be  required  for  best  gun-steel,  I  can  say  that  my  study  of  the  iron  and 
steel  industries  of  the  world  fully  convinces  me  that  this  country  can 
produce,  wholly  from  native  materials,  as  good  steel  as  is  made  in  any 
other  country. 

The  Chairman.  Why  do  steel  manufacturers  import  foreign  material  T 

Mr.  Swank.  Steel  manufiEusturers  near  the  Atlantic  coast  can  obtain 
foreign  iron  ore  at  lower  prices  than  they  can  obtain  domestic  ore  of 
equally  good  quality.  As  I  have  elsewhere  stated,  our  importations  of 
foreign  iron  ore  for  use  in  the  manufacture  of  steel  amount  annually  to 
about  one-fourth  of  the  total  quantity  of  iron  ore  that  is  used  for  this 
purpose.  We  still  import  some  spiegeleisen  /or  use  in  the  Bessemer 
and  open-hearth  processes,  and  also  some  pig  iron  for  use  in  the  open- 
hearth,  but  solely  for  economic  reasons. 

TheX3HAiRMAN.  How  can  the  Government  best  be  supplied  with 
modern  heavy  ordnance;  whether  wholly  in  Government  works,  or 
partly  in  such  works  and  partly  by  contracts  with  private  builders,  or 
wholly  in  private  yards  T  In  case  of  divided  labors  how  should  the 
division  be  made  T 
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Mr.  Swank.  So  flEur  as  this  question  is  intended  to  deal  with  purely 
technical  details  I  cannot  answer  it,  but  there  can  be  no  doubt  whatever 
that  if  sufficient  inducement  be  offered  to  our  steel  manufacturers  they 
would  be  willing  and  competent  from  every  standpoint  to  engage  in  the 
manufacture  of  the  steel  to  be  used  in  making  the  guns,  and  in  the  shap- 
ing and  finishing  of  the  guns  themselves.  What  Krupp  and  other  steel- 
makers have  done  in  Europe  can  be  done  here  if  required.  The  weight 
of  testimony  already  gathered  by  the  Oun  Foundry  Board  clearly  sus- 
tains the  proposition  that  the  best  results  may  be  expected  from  the 
adoption  in  our  country  of  the  French  system,  which  looks  to  private 
manufacturers  for  gun  material  to  be  fashioned  into  guns  in  Government 
factories.  The  conclusions  of  the  Gun  Foundry  Board  appear  to  be  gen- 
erally approved  by  our  steel  manufacturers.  My  own  opinion  is  that  it 
would  be  a  useless  waste  of  money  and  a  great  risk  for  the  Government 
to  establish  works  for  the  manufacture  of  steel  for  gun  material  when 
it  can  so  easily  and  so  surely  obtain  steel  for  this  purpose  from  works 
that  are  ahready  established  in  our  country  and  are  well  known  to  be 
both  skillfully  and  economically  managed. 

The  Chairman.  What  is  the  steel-producing  capacity  of  the  Besse- 
mer and  open-hearth  plants  in  the  United  States  T 

Mr.  Swank.  In  1882  the  Bessemer-steel  works  of  the  Unified  States 
produced  1,690,450  net  tons  of  steel  ingots,  and  their  present  estimated 
capacity  is  2,490,000  net  tons  of  ingots  per  annum.  In  1882  the  open- 
hearth  steel  works  of  the  country  produced  160,542  net  tons  of  steel  in- 
gots, and  their  present  estimated  capacity  is  550,000  net  tons  of  ingots 
per  annum.  As  all  Bessemer  and  open-hearth  works  could  not  be  ex- 
pected to  be  in  operation  at  the  same  time,  and  each  working  to  its  fullest 
capacity,  it  would  be  fair  to  say  that,  if  an  extraordinary  demand  for  their 
products  should  arise,  we  could  in  one  year  make  2,000,000  net  tons  of 
Bessemer  ingots  and  400,000  net  tons  of  open-hearth  ingots. 
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THE  PEODUOTION  AND  OHABAOTEBISTICS 


OF 


IRON  ORES  IN  THE  UNITED  STATES. 

IThe  folio ^iniE  paper  waa  contributed  to  the  spe^J^  report  on  the  mineral  reoonrces  of  the  United 
Sutea.  by  Albert  Williams,  Jr.,  Chief  of  the  Division  of  Mining  Statistics  and  Technology  of  the 
TTnitea  States  Geological  Survey ,  Department  of  the  Interior,  published  in  1885.  J 

In  the  preparation  of  the  following  essay  an  attempt  has  been  made 
to  bring  together  in  popalar  form  the  leading  facts  connected  with  our 
iron-ore  resources  and  our  domestic  and  foreign  iron -ore  supplies.  No 
other  purpose  has  been  entertained.  The  facts  presented  will  afford  a 
bird's-eye  view  of  one  of  the  great  industries  of  our  country,  and  of  its 
relation  to  our  extensive  iron  and  steel  industries  and  to  the  many  other 
industries  that  are  dependent  upon  them. 

Our  imports  of  iron  ore, — Previous  to  1879  the  quantity  of  iron  ore  im- 
ported into  the  United  States  was  not  recorded,  but  it  did  not  amount 
to  100,000  tons  in  any  one  year.  The  quantity  of  iron  ore  imported  from 
1879  to  1885,  both  years  included,  was  as  follows,  in* tons  of  2,240 
pounds — the  foreign  value  of  the  importations  in  these  years  is  also 
given. 


Years. 


Gross  tons. 


Values. 


1879, 
1880 
1881 
1863 
1883. 
1884 
1885 


284,141 
493,408 
782,887 
669,655 
490,875 
487,820 
425.870 


$681,467 
1,486,809 
2,222,662 
1,640,664 
1,207.991 
1. 1S3, 678 
953,506 


The  American  Iron  and  Steel  Association  has  ascertained  the  desti- 
nation of  439,183  gross  tons  of  the  487,820  tons  of  iron  ore  that  were 
imported  in  1884.    This  information  we  present  in  the  following  table : 


stales  and  distiiots. 


KowYork 

NewJ^ersev 

Lehigh  Valley,  Pennsylvania 

Schoylkill  Valley,  Pennsylvania 

0pper  Sosqnehanna  Vallej*,  Pennsylvania 

Lower  Snaqoehanna  Valley.  Pennsylvania...* 

AUegheny  €onnty,  Pennsylvania 

Conemaogh  Valley  and  YoUghiogheny  Valley,  Pennsylvania , 

Cbarcoal  ftunaces,  Pennsylvania 

Maryland 

Ohio 

Total 


Gross  tons. 


9,662 

1,918 

147,891 

64,211 

3,076 

166.861 

20,288 

40,169 

1,492 

600 

1,616 


489,183 


'.M3 
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These  flguite  leave  48,637  tons  uuacoounted*for,  which  were  chiefly 
used  In  New  York,  New  Jersey,  Ohio,  and  Washington  Territory.  The 
figures  presented  in  the  tablefor  Pennsylvania  and  Maryland  we  believe 
to  be  complete,  or  very  nearly  so.  Of  the  439,183  tons  accounted  for, 
81,758  tons  were  used  in  the  manufacture  of  pigiron  for  general  par- 
poses,  while  the  remainder  was  used  in  the  manafacture  of  Bessemer 
pig-iron  and  spiegeleisen. 

Our  imports  of  iron  ore  are  derived  from  many  countries,  but  princi- 
pally from  Spain.  The  following  table  of  imports  of  iron  ore  into  the 
United  States  in  the  fiscal  year  which  ended  June  30, 1884,  shows  the 
sources  of  foreign  supply  for  that  year ;  statistics  for  the  calendar  year 
1884  are  not  obtainable  : 


Coonirtoa. 


Spain 

ifiTy 

ftoich  Pooaesalons  in  Afrioa. 

Tarkey  in  Asia 

Bom  Inlon  of  Canada 

England , 

Greece 

Franoe 

5>rt«K»l • 

Mexico 

Total 


GroeatoBs. 


568,806 


Valaee. 


374.943 

$829,423 

S7,664 

154.867 

56.448 

109.920 

4.875 

76.601 

20.125 

71.900 

7.856 

28.873 

12.530 

18.615 

4.666 

18.410 

6,209 

13.943 

1 

5 

1,817.546 


The  impulse  that  was  given  to  the  importation  of  iron  ore  in  1879, 
1880,  and  1881  was  due  partly  to  the  high  prices  asked  for  Lake  Superior 
ores,  partly  to  a  scarcity  of  iron  ores  on  the  Atlantic  coast  that  were 
suitable  for  the  manufacture  of  Bessemer  pig  iron,  and  partly  to  the 
revival  in  the  American  iron  industry  in  these  years  which  created  an 
extraordinary  demand  for  iron  ores  for  general  as  well  as  for  special 
purposes.  The  first  two  of  these  influences  have  now  largely  disap- 
peared and  the  last  one  has  entirely  disappeared.  Lake  Superior  prices 
have  fallen,  owing  partly  to  the  opening  of  new  mines  in  that  district, 
and  new  sources  of  supply  of  Bessemer  ores  have  been  developed  in 
the  East  But  in  the  mean  time  American  capitalists  have  made  exten- 
sive investments  in  Cuban  and  Canadian  iron-ore  mines,  the  product 
of  which  is  now  being  brought  to  this  country  for  the  manu&cture  of 
Bessemer  pig-iron,  while  increasing  use  of  Spanish  and  Elba  iron  ores 
is  being  made  by  Eastern  furnace  owners  in  the  manufacture  of  pig-iron 
for  the  general  market  and  for  sale  to  our  steel  manufacturers. 

Much  the  larger  part  of  the  iron  ore  that  waa  imported  in  1882, 1883, 
and  1884  came  from  Bilbao  and  from  Mediterranean  ports  for  use  in  the 
manufacture  of  Bessemer  and  other  pig-iron  chiefly  on  or  near  the  At- 
lantic coast,  the  inducements  to  import  it  being  its  richness,  purity^  and 
cheapness.  The  causes  which  influenced  importations  in  1879, 1880, 
and  1881  taught  our  people  the  value  of  foreign  ores,  and  unless  pre- 
vented by  a  high  duty  such  foreign  ores  as  have  been  used  on  the  At- 
lantic coast  will  continue  to  be  imported.  The  duty  on  iron  ore  was 
changed  by  the  tariff  which  went  into  effect  July  1, 1883,  from  20  per 
cent,  ad  valorem  to  76  cents  per  ton  of- 2,240  pounds.  That  foreign  ore 
can  be  brought  to  this  country  at  low  prices  is  due  in  part,  of  course,  to 
the  very  great  cheapness  of  the  labor  that  is  employed  in  mining  it,  bat 
largely  also,  to  the  cheapness  of  ocean  freights.  The  vessels  which 
carry  the  ore  are  usually  <^  ocean  tramps,"  which  carry  grain,  petro- 
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leain.  lamber,  and  occasionally  cotton  to  Enrope,  and  the  owners  of 
which  are  glad  to  bring  back  ore  at  low  rates  rather  than  come  in  bid- 
last.    These  vessels  are  all  owned  abroad. 

The  following  table  shows  the  quantities  and  values  of  iron  ore  im- 
ported into  the  various  customs  districts  of  the  United  States  in  the 
four  calendar  years  1881,  *1 882, 1883,  and  1884.  For  this  and  the  pre- 
ceding table  we  are  indebted  to  the  courtesy  of  Hon.  Joseph  JKHnin<^, 
jr.,  chief  of  the  Bureau  of  Statistics  of  the  Treasury  Departnient :     '  - 


Baltimore.. 
Beanfort,S.C. 

Beaton 

Baflialo  Creek. 

Champlaiii 

Cuyahoga  

Detaroit 

Genesee 

Horon 

Nev  York 

Oswef^atohie... 

Oswego 

Perth  Amboy. 
Philadelphia.. 
Paget  So  and.. 

Sandasky 

Vermont 


Total. 


8, 

196. 

13. 

'165, 
1 


500 
617 
710 
264 
419 
418 
612 
671 
564 
100 


37,676 

1,646 

25,961 

770 

641.344 

10,650 

44,026 

48,823 

394,952 

1,622 


1.664 

273 

2 

0,420 

48 

6.861 

264 

145,909 

905 

87,635 

81,568 

Ul,944 


782,887     2,222,662     689,655 


3,822 

755 

7 

83,181 

96 

21,651 

677 

421,776 

2,783 

120,008 

101,859 

279,818 


784 

14 

36,800 

942 

17,862 

10.082 

170,420 

8,621 


2,979 


1,640,664 


490,876 


17, 810 


1,740 

94,236 

2,866 

40,744 

29,189 

886,886 

7,084 


5,758 


1,207,991 


11,179 

50.836 

169,507 

2,0:2 

2,177 

1,831 


487,820 


30.964 

121,154 

10 

27 

758 

1,897 

10 

250 

29,401 

82,995 

27,856 
124,257 
388,900 
4,024 
5»887 
7,126 


1,133,678 


The  Juragua  Iron  Company  (limited),  an  American  company,  has. 
opened  extensive  mines  of  iron  ore  on  the  southeastern  coast  of  Cuba, 
which  it  purchased  early  in  1883,  and  from  which  shipments  to  this 
country  commenced  in  August  1884.  These  shipments  have  since  ag- 
gregated many  thousand  tons,  and  they  premise  to  become  in  a  short 
time  a  leading  feature  of  our  iron-ore  imports.  Whether  they  will  re- 
sult in  reducing  the  supply  heretofore  received  from  Spain  is  yet  a  mat- 
ter of  conjecture.  The  quantity  of  iron  ore  shipped  in  1884  amounted 
to  about  20,000  tons;  the  shipments  in  1885  will  probably  reach  100,000 
tons.  The  ores  from  these  mines  are  used  for  Bessemer  purposes.  They 
are  rich  in  iron  and  very  low  in  phosphorus.  The  Juragua  Iron  Com- 
pany (limited)  is  composed  of  the  Bethlehem  Iron  Company,  the  Penn- 
sylvania Steel  Company,  and  Mr.  Alfred  Earnshaw. 

Near  Trenton,  in  the  province  of  Ontario,  in  the  Dominion  of  Canada, 
a  company  of  American  and  Canadian  capitalists,  which  was  organlzea 
in  1883,  has  made  extensive  arrangements,  involving  a  large  expendi- 
ture of  money,  for  mining  iron  ore  from  several  mines  which  have  been 
developed  and  from  others  which  have  been  located.'  The  ores  of  these 
mines  are  said  to  be  well  adapted  to  the  manufacture  of  Bessemer  steel. 
The  shipping  port  is  at  Weller's  Bay,  on  Lake  Ontario,  4  miles  south 
of  Trenton.  The  shipments  to  the  United  States  during  1884  amounted 
to  about  40,000  tons.  An  increase  in  the  shipments  for  1885  is  expected. 
The  principal  promoters  of  the  enterprise  are  Mr.  S.  J.  Bitchie,  of  Tall- 
madge,  Ohio ;  Hon.  S.  Burke,  Hon.  Henry  B.  Payne,  and  Mr.  William 
Chisholm,  of  Cleveland,  Ohio ;  the  Messrs.  McMullen,  of  Trenton  and 
Picton,  Ontario,  and  the  Messrs.  Coe,  of  Madoc,  Ontario. 
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The  following  table  shows  the  number  of  tons  of  iron  ore  imported 
(luring  the  last  six  years  into  each  of  the  leading  iron-mannfactarin^ 
countries  of  the  world : 


YMn. 

Great 
Britain. 

France.* 

Germany. 

H^lgtww* 

United 
Statea. 

1870 

1,083,602 
2,634,401 
2,440.277 
8,282,406 
8,178,810 
2,728,672 

041,812 
1,168,215 
1,287,870 
1,426,870 
1,601,217 
1,412,710 

880,000 
607,007 
615.490 
785,360 
800,878. 
060,442 

614,584 
021,784 
1,160,206 
1,206,717 
1,612,460 
1,487,746 

264^141 

1880 

488.408 
782.887 

1881 

1882 

588,655 

400,875 

1883 

1884 

487,820 

It  will  be  seen  from  this  table  that  the  Onited  States  is  the  smallest 
importer  of  iron  ore  of  all  the  countries  mentioned.  If  we  consider  its 
prominent  place  among  these  countries,  being  second  in  the  production 
of  iron  and  steel,  it  is  very  much  the  smallest  importer. 

Production  of  iron  ore  in  the  United  States  in  1883  arui  1884. — ^Full  statis- 
tics of  the  production  of  iron  ore  in  the  C  nited  States  are  notobtained,  and 
cannot  be  obtained,  except  in  census  years.  The  annual  production  of 
iron  ore  in  the  whole  country  may,  however,  be  very  accurately  estimated. 
The  average  quantity  of  iron  ore  that  is  used  in  producing  a  ton  of  pig- 
iron  in  the  United  States,  in  addition  to  the  mill  cinder  that  is  used  in 
some  furnaces,  is  shown  by  the  census  of  1880  to  be  abbut  1.9  tons, 
while  the  production  of  pig  iron  is  definitely  ascertained  fix>m  year  to 
year  by  the  American  Iron  and  Steel  Association,  so  that  the  quantity 
of  iron  ore  produced  in  any  year  and  used  at  our'  blast  furnaces  is  ap- 
proximately ascertained  by  multiplying  the  year's  production  of  pig- 
iron  by  1.9  and  deducting  from  the  product  the  quantity  of  iison  ore  im- 
ported. By  this  method  we  obtain  the  following  results  for  1884.  The 
pig-iron  produced,  4,097,868  gross  tons,  multiplied  by  1.9  gives  7,785,949 
tons,  from  which,  if  we  deduct  487,820  tons  of  iron  ore  imported,  we 
have  7,298,129  tons  as  the  home  production  of  the  year  that  was  used 
at  our  blast  furnaces.  This  country  also  annually  produces  in  forges 
directly  from  the  ore  about  40,000  gross  tons  of  blooms  and  billets,  rep- 
resenting about  120,000  tons  of  native  ore.  The  largest  and  best  of 
these  forges  are  located  in  the  Champlain  district  of  New  York,  while 
others  are  found  in  Tennessee,  North  Carolina,  Virginia,  and  Missouri. 
We  also  use  some  iron  ore  as  fettling  in  the  puddling  furnaces  of  our 
rolling  mills,  and  the  quantity  so  used  in  1884  we  estimate,  upon  the 
basis  of  the  census  figures  of  1880,  to  have  amounted  to  about  300,000 
tons,  which,  added  to  the  domestic  ore  used  in  our  blast  furnaces  and 
forges,  gives  us  7,718,129  gross  tons  as  the  probable  production  and 
consumption  of  domestic  iron  ore  in  1884.  This  calculation  *takes  no 
account  of  ore  produced  and  not  consumed. 

That  the  figures  above  given  of  the  production  and  consumption  of 
iron  ore  in  the  United  States  in  1884  are  correct  is  proved  by  statistics 
obtained  by  the  American  Iron  and  Steel  Association.  In  response  to 
a  circular  letter  addressed  to  all  the  manufacturers  of  iron  and  steel  in 
the  country,  and  which  was  very  generally  answered,  detailed  informa- 
tion was  furnished  which  indicates  that  the  aggregate  consumption  of 
domestic  iron  oi-e  in  1884  amounted  to  7,639,681  gross  tons.  This  result 
is  so  close  to  the  result  reached  by  the  method  adopted  in  the  prepara- 
tion of  this  paper  that  it  may  safely  be  assuiQed  that  the  quantity 
given  by  that  method  (7,718,129  tons)  is  correct  and  should  stand. 

As  incidental  to  the  present  inquiry  it  may  be  stated  that,  if  we  elim- 
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inate  the  mill  cinder  from  the  census  statistics  of  1880,  and  tbe  proba- 
ble amount  of  pig  iron  that  was  produced  with  it,  it  will  appear  that  an 
average  of  2.03  tons  of  iron  ore  was  in  that  year  required  to  produce  a 
ton  of  pig-iron.  This  is  below  the  average  in  the  leading  iron-produc- 
ing countries  of  Europe.  Great  Britain  averages  2.4;  Germany,  2.6; 
France,  2.6;  and  Belgium,  2.7. 

The  following  statistics  showing  the  production  of  domestic  iron  ore 
in  1883  and  1884  in  certain  leading  districts  have  been  obtained  from 
reliable  sources  of  information.  As  will  be  observed,  the  figures  for 
1884  embrace  more  than  half  the  t^tal  estimated  consumption  of  that 
year. 


DiAtriots. 


1884. 


Lake  Saperior  minea  of  Michigan  and  Wisconsin • 

Vermillion  Lake  mines  of  Minnesota 

Missouri 1 

Cornwall,  Pennsylvania 

Chatoaneay  mines,  near  Lake  Champlain 

OtherLake  Champlain  mines,  including  the  Pot  t  Henry  and  Crown  Point  mines . 

New  Jersev : 

Saliaburymstricts  Connectiout 

Hudson  River  Ore  and  Iron  Company,  New  York 


Orott  torn, 
2.852,288 
Not opened 
205, 430 
363, 143 
104, 704 
805. 300 
521,416 
35. 000 
20,000 


QroB9Um$. 

2,455,024 

62.134 

233,226 

412,320 

214,304 

200,500 

308,710 

25^000 

00,000 


Total 4,087,281 


4, 177, 107 


In  1882  the  Lake  Superior  region  and  the  State  of  New  Jersey  reached 
respectively  the  largest  production  of  iron  ore  in  their  history.  In  the 
former  2,947,392  gross  tons  were  produced,  and  in  the  latter  the  pro- 
duction was  932,762  tons. 

The  remainder  of  oar  doqiestic  supply  of  iron  ore  in  the  two  years 
mentioned,  as  well  as  in  previous  years,  was  obtained  from  mines  located 
in  all  the  States  and  Territories  that  produce  pig-iron,  and  located,  too, 
in  nearly  every  case  in  close  proximity  to  the  bla^t  furnaces.  There 
are  very  few  States  and  Territories  in  the  Union  in  which  iron  ore  has 
not  been  discovered.  The  large  number  of  "  local  mines  "  in  so  many 
States  and  Territories  indicates  not  only  the  wide  distribution  of  iron 
ore  in  our  country,  but  also  the  existence  of  a  disposition  among  the 
people  of  all  sections  to  develop  the  various  deposits  as  promptly  as 
the  wants  of  the  country  require.  The  iron- making  instincts  of  our 
people  are  shown  fully  as  much  in  their  search  for  native  iron  ores  and 
in  the  means  they  have  used  to  develop  them  as  in  their  readiness  to 
adopt  the  best  modern  methods  of  manufacture.  A  less  energetic  peo- 
ple, for  instance,  would  have  been  appalled  by  the  diflBculties  which  con- 
fronted the  first  shippers  of  iron  ore  from-  the  Lake  Superior  region, 
and  there  are  not  to  be  found  anywhere  in  the  world  to-day  better  or 
more  expensive  machinery  and  appliances  for  the  mining  of  iron  ore 
than  are  to  be  found  in  that  district. 

The  latest  illustration  we  have  had  of  the  enterprise  of  our  people  in 
seeking  at  home  for  new  sources  of  supply  of  iron  ore  of  a  quality  or 
character  that  had  not  previously  been  discovered,  or  discovered  in  in- 
sufBcient  quantities,  is  seen  in  the  search  of  our  Bessemer  steel  manu- 
facturers for  manganiferous  iron  ores  in  Michigan,  Virginia,  Georgia, 
Alabama,  and  Arkansas — a  search  which  has  resulted  in  a  considerable 
increase  during  the  past  year  in  our  production  of  spiegeleisen  and 
ferro-manganese.  The  production  amounted  to  33,893  net  tons,  of  which 
New  Jersey  produced  7,058  tons,  Pennsylvania  26,509  tons,  and  Colo- 
rado 326  tons.    The  following  table  shows  the  production  of  these 
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articles  in  the  United  States  since  1875.  In  each  year  foreign  as  well 
as  domestic  ore  was  used,  bat  in  1884  there  was  a  marked  diminntion 
in  the  nse  of  foreign  ore. 


Ymm. 

KettMM. 

Ymm. 

Net  tan. 

1875 

7.882 
6.616 
8,845 
10,674 
18.8B1 

1880 

, 

ulom 

1876 

1881 

ss 

1877 

1882 

Its 

1878 - 

1883 

2£574 

1879 

1884 

nlm 

New  and  old  iron-ore  fields  in  the  United  States, — Of  the  important 
deposits  of  iron  ore  that  have  been  developed  in  this  country  and  are 
still  worked  the  Salisbury  district  in  Western  Connecticut  was  devel- 
oped as  early  as  1731 :  the  Schuylkill  Valley  mines  in  Pennsylvania 
were  developed  in  ITlO,  and  the  Cornwall ''  ore  hills"  in  the  same  State 
about  1735;  the  magnetic  ore  mines  in  Northern  New  Jersey  were 
opened  about  1710 ;  the  Sterling  mines  in  Orange  County,  New  York, 
in  1750 ;  and  the  Champlnin  district  in  the  same  State  about  1800 ;  the 
Tennessee  mines,  the  mines  in  Bath  County,  Kentucky,  the  Cranberry 
mines  in  North  Carolina,  and  the  Juniata  Valley  mines  in  Pennsylvania 
near  the  close  of  the  last  century ;  the  Hanging  Rock  region  of  Ken- 
tucky during  the  second  decade  of  the  present  century,  and  the  same 
region  in  Ohio  during  the  third  decade.  The  Iron  Mountain  and  Pilot 
Knob  region  in  Missouri  was  developed  about  1845.  The  existence  of 
iron  ore  on  the  southern  shore  of  Lake  Superior,  the  most  celebrated 
and  most  productive  iron-ore  region  in  this  country,  was  not  even  dis- 
covered until  about  1830,  and  no  attempt  was  made  to  develop  it  until 
1845,  just  forty  years  ago.  It  is  a  noticea'ble  fact,  however,  that,  not- 
withstanding our  early  enterprise  as  iron  manufacturers,  some  of  the 
richest  deposits  of  iron  ore  in  this  country  were  not  developed,  and  in 
some  instances  were  not  discovered,  until  in  very  recent  years.  No 
attempt  was  made  to  develop  some  of  these  deposits  until  after  the 
boom  of  1879  and  1880,  while  the  development  of  others  was  greatly 
stimulated  by  that  event. 

A  notice  of  the  location  and  characteristics  of  some  of  the  older  iron- 
ore  fields  above  referred  to  and  of  all  of  the  most  recently  developed 
deposits  is  demanded  by  the  increasing  public  interest  in  the  general 
question.  Such  illustrative  chemical  analyses  as  will  be  present^  have 
in  every  instance  been  obtained  from  reliable  sources. 

1.  The  celebrated  Marquette  district,  in  Michigan,  the  most  product- 
ive of  all  the  iron-ore  districts  in  the  country,  is  mainly  embraced  in 
Marquette  County,  a  small  part  of  it  extending  northwest  into  Baraga 
County.  Its  principal  ports  of  shipment  for  the  ores  that  are  not  con- 
sumed in  local  furnaces  are  Marquette  and  Escanaba,  the  former  on 
Lake  Superior  and  the  latter  on  Lake  Michigan.  Small  quantities  of 
ore  are  annually  shipped  from  this  district  at  L'Anse,  on  Lake  Superior. 
There  are  at  present  several  charcoal  furnaces  in  the  district. 

The  great  extent  and  great  richness  and  purity  of  the  hematite  and 
magnetic  iron  ores  of  the  Marquette  district  are  too  well  known  to  re- 
quire extended  reference.  The  district  is  by  far  the  most  important 
iron-ore  field  in  the  United  States. 

We  subjoin  a  collection  of  fourteen  analyses  of  the  ores  of  the  Re- 
public mine,  one  of  the  most  no,ted  mines  of  the  Marquette  district, 
which  we  take  fVom  Mr.  A.  P.  Swineford's  Mineral  Resources  of  Lake 
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Superior^  printed  in  1876.    This  mine  is  operated  by  the  Bepablic  Iron 
Company. 


Constitaents. 

1. 

2. 

.     i4. 

6. 

6. 

7. 

8. 

«• 

10. 

11. 

12. 

13. 

14. 

Aver, 
age. 

MetiUliciion.. 
Pbosphoroa . . . 
Silica. 

65.11 
trace 

"•^ 

1 

08.0169.88 
traoo;    .018 

69.24 

71.82 

6&  40  68. 28 
.08     .15 
.86  8.53 
.82 

65.86  69.89 
.073     .nil 

67.56 
.045 

6a  00  68. 40  7a  6068. 48 
.05 -oaa 

1  08'      ^ 

4.63 

2.02 

2.53 

1.10 

2.07 

Lime 

t 

Magnosia  .... 

.,3 

m. 

t 

1 

The  iron  ore  of  the  Champion  mine  shows  67  per  cent  of  iron,  3  per 
cent,  of  silica,  and  .03  per  cent,  of  phosphorus.  Several  analyses  of 
West  Bepnblic  ore  that  are  before  us  show  iron  ranging  from  66.483  to 
68.583  per  cent.,  and  phosphorus  ranging  from  .039  to  .054  per  cent. 
Two  analyses  of  the  specular  ore  of  the  Lake  Superior  mine  give  the 
following  results: 


Hetallio  iron 

Silica 

Almnina 

Lime 

Magnesia  — 
Phoephoms.. 


64.881 

8.600 

2.030 

.550 

.600 

.067 


65i680 
8.700 
2.870 
^00 

Tteo 

.095 


2.  The  Menominee  Eange  district  is  mainly  situated  in  Menominee 
County,  Michigan,  the  western  part  of  it  extending  into  Florence 
County,  Wisconsin.  This  district  ranks  second  in  productiveness  to 
the  Marquette  district.  Both  districts  lie  on  the  southern  shore  of  Lake 
Superior. 

The  Menominee  district  dwes  its  development  mainly  to  the  enter- 
prise of  the  Menominee  Mining  Company,  of  Milwaukee.  About  1876 
this  company  obtained  control  of  a  large  extent  of  country  owned  by 
the  Lake  Superior  Ship  Canal,  Bailway,  and  Iron  Company,  and  by 
other  parties,  and  at  once  commenced  active  operations.  In  1877  10,405 
tons  were  shipped,  and  thereafter  shipments  rapidly  increased,  both 
from  the  mines  of  this  company  and  from  mines  opened  by  other  capi- 
talists. The  Menominee  Mining  Company  is  still  the  largest  shipper  in 
the  district,  and  the  next  largest  is  the  Penu  Iron  Mining  Company,  a 
corporation  which  was  organized  in  1882,  and  which  represents  a  large 
amount  of  Pennsylvania  capital.  The  ore  from  this  district  is  all  shipped 
at  Escanaba  to  ports  below,  except  a  very  small  quantity  which  is  used 
at  two  local  charcoal  furnaces. 

The  ores  of  the  Menominee  district  are  generally  red  hematites,  and 
partake  of  the  same  general  characteristics  as  similar  ores  of  the  Mar- 
quette district,  except  that  they  are  as  a  rule  softer.  They  are  found 
in  large  deposits.  We  subjoin  analyses  of  the  ores  of  some  of  the  mines 
operated  by  the  Penn  Mining  Company.  These  analyses  were  made  by 
the  Cambria  Iron  Company  from  ores  used  in  its  blast  furnaces. 


Constitaents. 

j  Vnlcfia. 

Cydopa. 

K<«rway. 

Qainneseo. 

Ijon 

63.080 

60.470 

8.880 

.000 

58.040 

12.270 

.016 

67.05 

Silica 

6.860 

4.80 

PhospharoA 

018 

.01 
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3.  The  Btatistios  q^  the  Marquette  and  Menominee  iron-ore  districts 
have  usnally  been  given  together,  but  the  districts  are  not  contignons. 
In  a  list  of  eighty-two  mines  in  the  two  districts,  which  we  find  credited 
in  the  Marquette  Mining  Journal  with  having  produced  iron  ore  in  one 
or  all  of  the  last  three  jears,  fourteen  are  located  in  the  Menominee  dis- 
trict The  productioirt)f  iron  ore  in  1884  in  these  two  districts  and  by 
the  isolated  Colby  mine,  in  Ontonagon  county,  also  in  upper  Michigan, 
was  2,455,924  gross  tons,  of  which  the  Menominee  district  produced 
698,047  tons.  'In  1882,4^owever,  the  two  districts  alone  produced  the 
exceptionally  large  quantity  of  2,947,392  tons,  and  in  that  year  the  pro- 
portion of  the  Menominee  district  was  1,U32,611  tons.  The  most  pro- 
ductive mine  in  the  whole  Lake  Superior  region  in  1883  and  1884  was  the 
Chapin  mine,  in  the  Menominee  district,  which  produced  265,830  tons  in 
1883  and  290,972  tons  in  1884.  The  Xake  Superior  mine,  in  the  Mar- 
quette district,  has,  however,  produced  a  still  larger  annual  product, 
its  output  in  1882  being  296,509  tons.  This  latter  mine  has  been  the 
most  productive  of  all  the  mines  in  the  Lake  Superior  region,  the  Cleve- 
land, Jackson,  and  Republic  mines,  in  the  same  district,  coming  next  in 
the  order  mentioned. 

Since  1856  the  total  production  of  iron  or^  on  the  southern  shore  of 
Lake  Superior  has  amounted  to  24,809,391  gross  tons.  Most  of  the  cap- 
itaFthat  has  been  invested  in  the  development  of  the  iron  ores  of  this 
region  has  been  supplied  by  New  England,  New  York,  Pennsylvania, 
.and  Ohio. 

4.  The  Vermillion  Lake  iron  district,  in  Saint  Louis  County,  Minne- 
sota, on  the  northern  shore  of  Lake  Superior,  embraces  several  extensive 
mines  that  are  opened  or  exposed,  the  most  of  them  containing  hard 
hematite  ores  of  the  same  general  characteristics  as  those  found  on  the 
southern  shore  of  the  lake.  The  first  shipment  of  iron  ore  from  this 
district  took  place  on  the  31st  of  July,  1884.- over  the  Duluth  and  Iron 
Eange  Eailroad,  which  connects  Two  Haroors,  on  Lake  Superior,  25 
miles  northeast  of  Duluth,  with  the  town  of  Tower,  at  the  mines,  the 
distance  between  the  two  places  being  72  miles.  This  road,  which  is 
under  the  control  of  the  Minnesota  Iron  Company,  the  owner  of  all  the 
mines,  is  to  be  continued  from  Two  Harbors  to  Duluth,  where  it  will 
connect  with  the  railroad  system  of  the  United  States.  At  Two  Har- 
bors are  extensive  piers  at  which  vessels  will  receive  the  ore,  which  it  is 

'  expected  will  find  its  principal  markets  at  ports  on  the  lower  lakes. 
The  shipments  in  1884,  all  to  these  ports,  amounted  to  62,124  gross  tons. 
Shipments  will  be  largely  increased  in  1885.  Of  the  vast  extent  and 
uniformly  good  quality  of  the  iron  ores  of  this  district  there  is  no  room 
for  doubt,  and  the  facilities  for  shipment  are  favorable.  The  policy  of 
the  company  will  be  to  ship  only  the  best  ores.  All  of  the  Vermillion 
Lake  ores  are  sufficiently  low  in  phosphorus  for  Bessemer  purposes,  but 
they  contain  little  or  no  manganese. 

The  existence  of  iron  ore  in  this  district  was  discovered  by  explorers 
about  twenty  years  ago,  but  it  was  not  until  1874  that  any  steps  were 
taken  to  ascertain  their  extent  or  value,  and  not  until  1883  that  the 
building  of  the  railroad  was  commenced.  A  few  of  the  mines  were 
opened  in  1881  and  1882.  The  development  of  this  district  is  in  the 
hands  of  experienced  capitalists,  at  the  head  of  whom  is  Mr.  Charle- 
magne Tower,  of  Philadelphia. 

The  following  analyses,  made  by  Messrs.  Carnegie  Brothers  &  Com- 
pany (limited),  of  Pittsburgh,  present  a  fair  average  of  a  large  number 
which  have  been  made  of  average  samples  from  the  Vermillion  mines. 
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The  analyses  here  given  are  of  ores  from  the  mines  which  supplied  the 
shipments  in  1884: 


Bnitang 
mine. 

Stone  mine. 

Lee  mine. 

Iron. 

00.700 

00.100 
trace 
.O.'SS 
.008 
.700 
.400 

"trace**' 

07.180 

Manganene 

.047 

a      .007 

.700 

.060 

SnlphuT 

.025 

Siliotk 

2L160 

Alnm^Bft , 

1.230 

Lime 

.860 
trace 

.450 

MAgneela 

.820 

It  is  a  fact  of  mnch  interest  that  Minnesota,  one  of  our  prairie  States, 
should  promise  to  become  a  large  producer  of  iron  ore. 

5.  In  the  vicinity  of  Gogebic  Lake,  in  Ontonagon  County,  Michigan, 
on  the  southern  shore  of  Lake  Superior,  and  west  of  the  Marquette  and 
Menominee  iron-ore  districts,  are  extensive  deposits  of  iron  ore  of  the 
same  general  characteristics  as  the  ores  found  in.all  the  other  Lake  Su- 
perior districts.  The  existence  of  marketable  iron  ore  in  this  district 
was  discovered  in  1880,  but  owing  to  the  absence  of  railroad  transporta- 
tion no  attempt  was  made  until  quite  recently  to  develop  any  of  the  de- 
posits, which  are  numerous  and  extensive,  and  are  in  the  hands  of  va- 
rious projectors  and  operators,  principally  under  leases  from  the  Lake 
Snperlor  Ship  Canal,  Bail  way,  and  Iron  Company.  About  twenty  open- 
ings have  been  made,  but  down  to  the  close  of  1884  shipments  of  ore 
hs^  been  made  from  only  the  Colby  mine,  lying  about  6  miles  east  of 
the  Montreal  Eiver.  It  is  claimed  that  the  existence  of  extensive  for- 
ests of  hard  wood  in  close  proximity  to  the  iron-ore  deposits  and  to  cal- 
careous marl  as  a  fluxing  material  justifies  the  erection  of  blast  furnaces 
in  the  district.  Analyses  of  numerous  samples  of  marl  found  in  the 
district  show  the  deposits  to  consist  of  nearly  pure  carbonate  of  lime 
with  but  a  trace  of  phosphorus. 

The  Milwaukee,  Lake  Shore  and  Western  Railway  was  completed  to 
the  Gogebic  district  in  1884,  and  during  1885  it  is  expected  that  it  will 
be  completed  to  Ashland,  Wis.,  on  Lake  Superior^  where  there  te  an 
excellent  harbor  and  where  expensive  piers  are  being  built,  and  from 
which  it  is  expected  that  considerable  shipments  of  iron  ore  to  lower 
lake  ports  will  be  made>  before  this  year  closes.  It  was  over  this  road 
that  the  ore  from  the  Colby  mine  was  shipped  by  way  of  Milwaukee  in 
1884.  The  quantity  shipped  amounted  to  1,022  gross  tons.  It  was  re- 
ceived by  Carnegie  Brothers  &  Company  (limited),  of  Pittsburgh,  for  use 
in  their  blast  furnaces,  and  gave  complete  satisfaction.  It  contained  a 
large  percentage  of  manganese.  From  the  Colby  mine  to  Ashland  the 
distance  by  railroad  will  be  less  than  fifty  miles,  and  from  any  of  the 
mines  in  the  vicinity  of  Gogebic  Lake  to  Ashland  the  distance  will  prob- 
ably not  exceed  76  miles.  . 

Ill  Ashland  County,  Wisconsin,  just  west  of  the  Montreal  River,  which 
forms  the  boundary  between  Michigan  and  Wisconsin,  are  several  prom- 
ising iron-ore  deposits  which  await  development.  \^ 

Analyses  of  the  iron  ores  of  the  Gogebic  district  show  that  they  are 
rich  in  metallic  iron,  very  low  in  phosphorus,  variable  in  silica,  and  free 
from  sulphur.  They  are  as  a  rule  adapted  to  the  manufacture  of  Besse- 
mer pig-iron.  In  a  few  mines  manganese  is  also  found  in  sufficient  quan- 
tum in  combination  with  iron  to  produce  spiegeleisen.  We  subjoin  a 
few  analyses  of  ore  from  the  Colby  mine. 
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1. 

2. 

8. 

4. 

5. 

Iron  mmI  maaiflnuiMe x 

60.040 

4a  680 

.088 

6.080 

11.410 

62.840 
K.4M 
.070 
2.680 
6w860 

62.760 
67.140 
.071 
3.690 
&620 

66.090 
66.100 

.042 
a840 

.920 

6L270 

MAtJilltA  {rrni  •• 

SSL  700 

Phosphonu .'..'...:.".. 

.076 

Silica. 

1  820 

Manganese 

a  670 

Most  of  the  analyses  of  the  iron  ores  of  this  district  that  have  been 
made  show  metallic  iron  ranging  from  50  to  66  per  cent 

6.  There  are  four  distinct  iron-ore  fields  in  Missonri,  known  as  the 
Iron  Mountain,  the  Southeastern,  the  Southwest,  and  the  Western  dis- 
tricts. "  The  Iron  Mountain  region,"  to  quote  the  words  of  Mr.  W.  B. 
Potter,  ^<  although  much  the  smallest  in  area,  is  by  far  the  most  impor- 
tant, since  it  has  produced,  and  still  is  capable  of  producing,  more  ore 
than  all  the  other  regions  combined."  This  district  is  located  in  Iron 
and  Saint  Francois  Counties,  from  80  to  90  miles  south  of  Saint  Loais. 
The  principal  deposits  of  the  district  are  known  as  Iron  Mountain  and 
Pilot  Knob.  The  ft>rmer  has  been  worked  since  1845  and  the  latter 
since  1847.  They  have  frequently  been  described.  Iron  Mountain  alone 
has  produced  about  3,000,000  tons  of  ore ;  Pilot  Knob  haa  produced 
aboat  1,000,000  tons.  In  1872  there  were  mined  and  shipped  from  Iron 
Moantain  alone  269,480  tons.  A  large  part  of  the  production  of  Iron 
Mountain  and  Pilot  Enob  has  been  taken  to  Pittsburgh  and  other  places 
on  the  Ohio  Biver,  but  in  recent  years  shipments  have  been  mainly  to 
nearer  localities.  Below  are  two  analyses  of  Iron  Mountain  ore,  which 
we  take  from  a  paper  prepared  by  Mr.  W.  B.  Potter  in  1884,  and  pub- 
lished in  the  Journal  of  the  United  States  Association  of  Charcoal  bon- 
workers. 


Conttitaenta. 


Peroxide  of  iron 
Protoxide  of  iron 

Silloa 

Alnmina 

Lime 

Haxneaia 

Kuiffaaeae 

Snlpimr 

Pboapooric  add  , 

Ifetalliolron.... 
Phosphonu , 


Saiftoe 
ore. 


Bluff  ore. 


95.040 
2.670 
1.670 
.790 
.170 
.140 
XTone. 
.005 
.071 


100.856 


6a  590 
.081 


oaoio 

2.800 

a  760 

a  160 

.480 
.820 

Tcaoeu 

TraoeL 
.076 


10ai96 


6&610 
.083 


The  following  analyses  show  the  chemical  composition  of  the  iron 
ores  of  Pilot  Enob: 


Conititaenta. 

Surface 
ore. 

» 

Bloffore. 

Peroxide  of  Iron 

r 

84.880 
0.160 
ia270 
a  190 
.210 
.140- 
Kone. 
Trace. 
0.085 

oasTO 

Protoxide  of  iron 

1.670 

Silica 

a  180 

^tninina                «.              .    r......       ...      .     ...i--.-i.-t ....... 

.890 

Lime 

L76D 

Magnesia 

.130 

Mannoene r^-- 

Kone. 

Snip  Eur 

.078 

Fhovphorio  add   

4069 

10a825 

50.160 
.016 

fba647 
64.9100 

Fbosphoros • 

.0081 
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A  atatement  which  we  have  received  from  the  Iron  Moantain  Oom- 
pany  gives  the  average  analysis  of  a  series  of  samples  of  No.  1  ore  firom 
Iron  Mountain,  as  follows: 


GoiiBtiiaeiits. 

Hetelliolion 

smca 

Sulphur 

Pbosphofnu 


Per  cent 


68wS00O 

6.7600 

.0100 

.0406 


In  Crawford  and  Dent  Ooanties,  Missoori^  in  the  seuthwest  section^ 
jast  west  of  the  Iron  Mountain  district,  are  numerous  mines  of  rich  ore 
that  are  operated  by  the  Missouri  Iron  Company  and  by  others.  We 
have  received  from  thll^  company  several  analyses  of  the  ores  of  this 
section,  which  show  metallic  iron  ranging  in  every  case  above  60  per 
cent,  with  a  very  low  percentage  of  phosphorus,  little  or  no  sulphur, 
and  variable  silica.  We  have  room  for  only  one  of  these  analyses,  re- 
lating to  the  surface  ore  of  Simmons  Mountain. 


Constitaents. 

Peroeot 

Peroxide  of  iron 

9ai40 

SmdoMid 

L410 

Altunina  ...t... ............................J....... 

.060 

T4nM^ T     r        T ,-„_...._,„.-. ,_,-.,,,,,    

.240 

MftffBMlift 

.110 

Phmphotio  Mid  

.038 

90.008 

Metallioiron 

6&090 

.016 

7.  The  immense  Cornwall  iron-ore  deposit  in  Lebanon  County,  Penn- 
sylvania, appears  to  be  no  nearer  exhaustion  to-day  than  when  it  was 
first  opened  a  hundred  and  fifty  years  ago.  We  give  below  detailed 
analyses  of  six  samples  of  the  ore  of  the  Cornwall  mines,  ^<  selected," 
as  we  are  informed,  ^'  to  give  a  general  average  of  the  quality  of  the  ore." 
The  mines  supply  a  large  number  of  local  and  neighboring  furnaces. 
Pig-iron  made  ftom  this  ore  has  been  largely  used  as  a  mixture  with 
other  pig-iron  in  the  manufacture  of  Bessemer  steel. 


CoBstitaeiito. 


ICagnetic  oxide  of  iron. 

SeeqnioTide  of  iron 

Oxide  of  copper 

QjddeofcoDait 

(^Eideofmaocaneie  .... 

Magneaia 

Lime 

Snlphniic  acid 

Phoephorio  acid 

gnartz  andsiUca 
opper  pyrites 

Iron  pyrites 

Water,  &o 


Kal. 


7&278 


1.840 
0.200 
Trace. 
L286 
1.000 
0.080 
0.072 
1L082 
0.862 
S.222 
0.020 


100.000 


MetalUoiron.... 
Hetallio  copper.. 

Phosphoms 

Sulphur 


60.229 
1.669 
0.032 
2.910 


Ko.2. 


62.106 


1.480 
0.095 
Trace. 
2.696 
1.110 
0.204 
0.010 
2a  000 
1.818 
1.792 
0.608 


100.000 


46.422 
1.814 
0.004 
1.672 


No.  8. 


67.282 

Trace. 

Trace. 

0.168 

Trace. 

1.867 

1.210 

a  106 

0.006 

1&240 

0.282 

a299 

2.622 


100.000 


62.666 
0.080 
0.002 
4.640 


Na4. 


68.966 
22.794 
0.250 
0.067 
Trace. 
1.228 
1.408 
0.018 
0.002 
2.200 
0.084 


2.948 


100.000 


66.962 
0.200 
0.007 
0.046 


No.  6. 


68.076 


1.800 
0.076 
Trace. 
8.198 
L610 
0.187 
0.008 
87.860 
0.604 
1.479 

aoos 


100.000 


80.880 
L246 
0.001 
L076 


Ka6. 


4L181 
62.296 
0.080 
0.106 
Trace. 
1.869 
LIU 


0.006 
8.840 


2.107 


100.000 


64.992 
0.024 
0.002 


8.  The  Salisbury  iron  region  is  properly  confined  to  the  town,  or  town- 
ship, of  this  name  in  the  northwestern  portion  of  Litchfield  County,  Con- 
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neoticat,  but  it  is  frequently  roferDed  to  as  embracing  also  the  con|agu- 
ous  counties  of  Oolumbia  and  Dutchess  in  Kew  York  and^erksbire  in 
Massachusetts,  the  whole  constituting  a  strip  of  country  from  10  to  15 
miles  wide,  in  which  may  be  found  about  twenty  charcoal  furnaces. 
The  ores  of  this  celebrated  region  are  brown  hematites,  some  of  which 
are  found  in  beds  and  others  in  veins.  In  the  Salisbury  region  proper 
there  are  seven  charcoal  furnaces,  which  are  supplied  with  ores  fix>m 
three  mines,  known  as  Old  Hill*,  Davis,  and  Ghatfield.  Irou  has  been 
manufactured  in  this  part  of  Connecticut  since  1734.  We  subjoin  com- 
plete analyses  of  the  ores  of  the  three  mines  mentioned,  which  still  show 
no  signs  of  exhaustion. 


Gonstitaenta. 


Seeqoioxideofiron 

Seeqaiozide  of  manganese c 

SiUca 

Sulphnr 

Phoephorio  acid 

Lime,  magoesia,  alumina,  water,  Slo 

Metallioiron , 

Metallic  manganese 

Salphnr 

Pbospboms 


Bavis.       Chatfleld.     Old  HilL 


76w720 

L876 

7.580 

.082 

.082 

16. 210 


100.000 


68.000 
.«58 
.082 
.014 


7&18e 

.826 

&630 

.048 

.501 

13.857 


99.098 


54.606 
.576 
.048 
.219 


7&61 
.96 

10.48 
.07 
.67 

14.41 


100.  ( 


5L45 
.67 
.07 


The  pig-iron  produced  from  the  Salisbury  iron  ores  is  in  high  repute 
for  the  manufacture  of  car-wheels  and  of  rolls  for  rolling  mills,  but  it  is 
also  in  demand  for  all  purposes  requiring  great  strength  and  tenacity. 
More  than  a  century  ago  there  were  many  forges  in  this  district  which 
produced  bar-iron  of  superior  quality.  The  American  Navy  has  been 
supplied  with  many  guns  made  &otn  Salisbury  iron.  Only  the  ore  of 
the  Davis  mine  appears  to  be  adapted  to  the  manufacture  of  steel. 

9.  The  State  of  New  York  is  very  rich  in  iron  ore,  the  principal  de- 
posits of  which  lie  along  its  eastern  border,  on  both  banks  of  the  Hud- 
son Biver  and  in  the  neighborhood  of  Lake  Ohamplain.  Much  of  the 
ore  is  magnetic,  rich  in  iron  and  low  in  phosphorus.  In  Clinton  and 
Essex  Counties,  in  the  Champlain  district,  iron  has  been  made  directly 
from  the  ore  in  numerous  charcoal  forges  (more  properly  bloomaries) 
since  the  beginning  of  the  century,  and  considerable  quantities  of  pig- 
iron  have  also  been  made  in  these  and  neighboring  couuties  with  an- 
thracite coal  and  with  charcoal.  The  annual  production  of  iron  ore  in 
this  district  ranges  from  500,000  to  600,000  tons.  The  quality  of  the  iron 
made  in  this  whole  region  is  most  excellent,  and  it  enjoys  a  high  repu- 
tation for  various  uses.  As  a  rule  the  iron  ores  of  this  district  are  not 
adapted  to  the  manufacture  of  any  kind  of  steel,  but  some  Bessemer  pig- 
iron  is  made  in  the  district,  and  some  mines  produce  ores  the  blooms  and 
billets  from  which  have  been  used  in  the  manufacture  of  crucible  steel. 

We  subjoin  seven  analyses  of  the  ore  of  one  of  the  oldest  iron-ore  com- 
panies in  this  section,  the  Port  Henry  Iron  Ore  Company,  whose  mines 
are  located  in  Essex  County. 


Constitiients. 


Magnetic  oxide  of  iron 

Phosphorio  aoid 

Equivalent  to— 

Motalllo  iron 

Pbosphoms 


1. 

2. 

8. 

4. 

& 

6.      * 

88.328 
1.791 

8a772 
1.513 

76.608 
4.227 

81.881 
4.601 

85.559 
3.297 

84.628 
3.405 

03.058 
.782 

64.287 
.601 

65.475  1  58.035 
1.846  >    2.050 

01.957 
1.440 

6L279 
L528 

92.78 
.71 

67.19 
.Sfi 
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10.  The  Ohateaagay  Ore  and  Iron  Gompany,  whose  operations  sore  on 
a  large  scale,  was  organized  in  1881  (after  the  boom  of  1879  and  1880) 
for  the  development  of  theChateaugay  mines,  in  the  vicinity  of  Ohateaa- 
gay Lake,  in  Franklin  County,  west  of  Lake  Ghamplain,  the  port  of 
shipment  being  Plattsbargh,  on  the  last-named  lake,  with  which  the 
mines  are  connected  by  a  railroad  35  miles  long,  owned  by  the  company. 
The  company  owns  about  75,000  acres  of  land.  2Siuce  the  commence- 
ment of  operations  in  1881  it  has  mined  752,101  tons  of  ore.  The  out- 
pat  was  102,626  tons  in  eight  months  of  1881,  ^0,377  tons  in  1882, 
194,704  tons  in  1883,  and  214,394  tons  in  1884.  To  meet  an  extraordi- 
nary demand  a  production  of  500,000  tons  per  annum  is  possible,  the 
mines  being  fully  equipped  with  powerful  machinery  and  the  ore  being 
favorably  situated.  The  mining  plant  employed  by  this  company  is  one 
of  the  most  extensive  and  complete  in  the  country.  In  addition  to  its 
mining  operations  the  company  is  a  large  producer  of  charcoal  blooms, 
owning  a  number  of  forges  in  the  neighborhood,  and  it  also  owns  and 
operates  one  charcoal  furnace  at  Plattsburgh.  Much  the  larger  portion 
of  the  ore  produced  by  this  company  is,  howiever,  sold  to  furnace  owners 
in  New  York  and  neighboring  States,  where  it  has  been  used  in  the 
manufacture  of  Bessemer  steel  and  for  other  purposes.  We  subjoin  an 
analysis  of  Ohateangay  ore,  which  we  obtain  from  the  company. 


Constataenta. 


Peroxide  of  iron 

Protoxide  of  iron 

Protoxide  of  manganeee. 

Alamina 

Lime 

Magnesia 

Pbosphorio  acid 


Percent. 


47.380 
21.820 
.210 
4.020 
3. 720 
2.110 
.067 


CoDBtitaenta. 


Salphnr . . . 
SUica 

Iron 

Pboephonta 


Percent 


.084 
20.890 


00.701 


40.750 
.025 


11.  In  the  immediate  vicinity  of  ITew  York  City,  and  near  to  the 
Hudson  Eiver,  are  two  celebrated  iron-ore  fields — one  known  as  the 
mines  of  the  Sterling  Iron  and  Railway  Company,  which  have  been 
worked  since  1750,  and  the  other  known  as  the  Tilly  Foster  mine.  The 
Sterling  mines  embrace  about  22,000  acres  in  Orange  and  Eockland 
Counties,  and  the  Tilly  Foster  mine  is  in  Putnam  County.  The  Sterling 
ores  are  most  used  in  the  manufacture  of  foundry  and  mill  pigiron,  but 
the  ore  of  some  of  the  mines  is  a  pure  Bessemer  ore.  The  reputation 
of  the  Sterling  ores  was  made  by  the  Long  mine,  which  was  discovered 
in  1750.  The  ^^big  mine'' is  the  one  that  is  now  most  worked.  Its 
ores  contain  some  phosphorus.  The  company  itself  operates  two  anthra- 
cite furnaces.  We  give  below  analyses  of  the  ores  of  two  of  the  Sterling 
mines : 


Constitaenta. 


Iron 

Oxygen 

SUfca 

Solphur 

Phoephoras 

Alomlna 

Lime 

MMmeaia 

Oxide  of  nuoiganeee 


00.03 


The  Tilly  Foster  ore  is  largely  used  by  the  Lackawanna  Iron  and  Goal 
Company  in  the  production  of  Bessemer  pig- iron,  at  Scranton,  Pa.,  and  it 
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has  also  been  used  for  the  same  purpose  by  the  Bethlehem  Irou  Coiu- 
pany.  We  sabjoin  an  analysis  of  this  ore  which  has  been  ftimished  as 
by  the  first-mentioned  company : 


Conatltaents. 


Kagnetio  oxide  of  Iron . 
Oxiae  of  mangaiiMe  . . . 

Silica 

Alnmina 

Lime 

MagnesiA 

SnJphuT 


Constttnents* 


CarbonioMid... 
Pbospborio  aoid 

Metallic  iron.... 


Pwcenl. 


2.ao 


100.78 


4a  82 


Several  other  iron-ore  deposits  of  similar  character^  which  are  ap- 
parently large  but  imperfectly  developed,  exist  within  a  few  miles  of 
the  Tilly  Foster  mine. 

12.  A  new  iron-ore  field  was  developed  in  1883  on  the  east  side  of  the 
Hudson  Biver,  in  Oolumbia  Oounty,  by  the  Hudson  Biver  Ore  and  Irou 
Company,  which  has  expended  a  large  sum  of  money  in  prosecuting  its 
enterprise.  The  ore  of  this  district  is  described  as  a  carbonate  that  is 
Dot  greatly  unlike  the  Cleveland  ore  in  England,  but  much  richer. 
When  roasted  it  is  adapted  to  the  manufacture  of  Bessemer  steel.  The 
quantity  of  ore  mined  in  1884  by  the  company  owning  this  property 
amounted  to  90,000  tons.  The  deposits  are  very  large.  We  subjoin 
two  analyses  of  the  ore  after  it  had  been  roasted,  which  we  take  from 
The  Iron  Age : 
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We  are  furnished  by  Messrs.  Crocker  Brothers,  of  New  York,  the 
agents  of  the  Hudson  Biver  Ore  and  Iron  Company,  with  the  following 
more  complete  antdysis  of  roasted  ore : 
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13.  All  of  the  iron  ores  of  New  Jersey  that  are  now  mined^are  in  tbe 
northern  part  of  the  State.  They  are  chiefly  magoetic.  In  the  last 
century  and  during  a  considerable  part  of  the  present  century  bog  ore 
was  used  in  a  number  of  charcoal  furnaces  in  the  southern  part  of  the 
State.  Most  of  the  ores  that  are  now  mined  are  only  suitable  for  forge 
or  foundry  purposes,  but  some  are  well  adapted  to  the  manufacture  of 
Bessemer  pig-iron  as  they  come  from  the  mine,  while  others  contain  too 
much  sulphur  for  this  purpose  and  require  to  be  roasted.  These  ores 
are  also  roasted  when  used  for  other  purposes.  We  subjoin  two  an- 
alyses of  magnetic  ores  obtained  in  Sussex  County,  which  are  very  low 
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in  salphnr  and  are  used  at  Franklin  Furnace  in  the  manufacture  of 
Bessemer  pig-iron  : 
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A  larger  general  average  of  ITew  Jersey  magnetic  ores  would  show 
a  higher  percentage  of  metallic  iron  and  would  be  more  favorable  in 
other  proportions  for  special  purposes.  For  example,  the  ore  of  the 
Bichard  mine,  in  Morris  County,  owned  and  operated  by  the  Thomas 
Iron  Company,  averages  60  per  cent,  of  metallic  iron,  and  contains  some 
phosphorus  but  no  sulphur. 

The  present  state  of  the  iron-ore  industry  of  Kew  Jersey  is  described  as 
follows  by  the  State  Geologist,  Prof.  George  H.  Cook,  in  his  annual  re- 
port for  1884 : 

The  low  price  of  iron  ore  and  tlie  Ught  demand  for  ore  at  almost  any  iiffure  have 
•caused  a  large  Hhrinjcage  in  the  production,  and  closed  many  of  our  mines.  The  large 
and  increasing  importatious  of  iron  ores  from  Spain  and  Africa  also  operate  against 
our  mines,  since  these  rich  aud  pure  foreign  ores  can  be  put  down  at  the  furnaces 
near  the  seaboard  at  lower  rates,  per  nnlt  of  metaUio  iron,  than  the  New  Jersey  ores 
can  be  profitably  mined  and  shipped  to  these  same  points.  Besides,  the  adaptation 
of  the  former  to  the  making  of  Bessemer  iron  enables  them  to  compete  successfully 
with  our  o  wn  Bessemer  ores  which  are  as  yet  scarcely  dev e  lopod .  The  d  i  sco ver^  of  new 
and  productive  mines  along  the  Hudson,  where  ore  can  be  obtained  at  a  minimum  of 
•cost,  also  makes  the  <Sompetition  for  the  Pennsylvania  market  sharp  and  telling 
Against  some  of  our  mines  where  the  expenses  of  mining  are  relatively  larger,  although 
our  magnetic  ores  are  richer. 

14.  So  many  varieties  of  iron  ore  are  found  in  Ohio,  and  they  are  so 
widely  distributed,  that  the  State  at  first  sight  might  be  called  rich  in 
iron  ore,  and  yet  it  annually  makes  more  iron  from  Michigan  ores  than 
from  the  ores  of  its  own  mines.  Pennsylvania,  also,  although  celebrated 
as  our  leading  iron-producing  State,  annually  makes  more  ironirom  ores 
mined  outside  its  borders  than  within  them.  A  quarter  of  a  century 
ago  Professor  Lesley  wrote  of  Pennsylvania : 

The  reputation  of  this  State  for  iron  has  resulted  more  from  the  energetic;  persever- 
ing German  use,  for  a  century  of  years,  of  what  ores  do  exist,  than  m>m  any  extra- 
ordinary wealth  of  iron  of  which  she  can  boast. 

In  Ohio  the  ores  of  native  origin  are  generally  very  lean,  and  too  high 
in  phosphorus  to  be  serviceable  in  the  manufacture  of  steel.  Economy  in 
the  one  case  and  necessity  in  the  other  combine  to  create  a  demand  for 
Michigan  ores,  which  are  transported  to  ports  on  Lake  Erie  at  compara 
tively  slight  cost,  meeting  the  fuel  to  smelt  them  at  many  places  in  Ohio, 
even  as  far  south  as  the  Ohio  Biver.  Michigan  ores  are  taken  in  large 
quantities  to  the  Shenango  Valley,  and  to  Allegheny,  Cambria,  and  other 
counties  in  Wisstern  Pennsylvania.  Spanish  and  other  foreign  ores  also 
find  their  way  to  this  part  of  the  State,  and  are  still  more  largely  con- 
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sumed  in  the  eastern  port,  in' both  seetioDB  meeting  the  best  of  mineral 
fael.  Michigan  and  foreign  ores  are  used  in  Pennsylvania  because  of 
their  fitness  as  a  mixture  with  native  ores  and  their  comparative  cheap- 
ness, and  because  also  of  the  leanness  of  so  mauy  of  the  native  ores  and 
of  the  phosphorus  that  most  of  them  contain. 

We  omit  analyses  of  the  ores  of  Ohio  and  Pennsylvania  as  unneces- 
sary. It  must  be  added,  however,  that  Ohio  is  a  large  manufacturer  of 
rolled  iron  and  of  the  best  qualities  of  ^foundry  iron,  produced  from  ita 
Hanging  Bock,  blackband,  and  other  native  ores,  and  that  the  bar,  plate, 
and  sheet  iron  of  Pennsylvania  and  its  foundry  iron,  made  exclusively 
from  native  ores,  are  unexcellecl  anywhere.  In  both  States  charcoal  is 
still  used  as  fuel  in  many  furnaces. 

15.  Indiana  and  Illinois  produce  so  little  iron  ore  that  details  may 
properly  be  omitted.  The  same  observation  may  be  made  of  all  the 
New  England  States  except  Connecticut,  whichhas  already  been  noticed. 
Illinois  18,  however,  one  of  the  most  prominent  iron  and  steel  producing 
States  in  the  Union,  but  the  ores  it  uses  are  mostly  drawn  from  Lake 
Superior  and  Missouri,  and  the  fuel  for  its  blast  furnaces  is  obtained 
mainly  from  the  Connellsville  region  of  Pennsylvania. 

16.  Delaware  does  notnow  manufacture  pig-iron,  although  it  contains 
some  small  deposits  of  very  good  ores  for  general  purposes.  Maryland 
is  not  a  large  manufacturer  of  pig-iron,  but  the  pigiron  that  it  makes 
from  its  own  ores  is  noted  for  its  great  strength  and  also  for  its  adapt- 
ability to  the  manufacture  of  car- wheels.  Some  foreign  ores  are  im- 
ported into  this  State  for  use  as  a  mixture  with  .native  ortfs.  Very  little 
Bessemer  pig-iron  has  been  made  in  Maryland. 

17.  Iron  ores  are  found  in  most  parts  of  Virginia,  and  they  are  usually 
of  good  quality,  although  very  few  are  perfectly  adapted  to  the  manu- 
facture of  Bessemer  steel,  and  these  have  thus  far  been  found  mainly 
in  small  pockets.  It  is  possible  that  large  bodies  of  ore  may  yet  be  de- 
veloped along  the  lines  of  the  !N^orlolk  and  Western  and  the  Shenandoah 
Valley  Railroads,  and  elsewhere,  which  will  be  suitable  for  themanu 
facture  of  steel.  In  Southwestern  Virgina  pig-iron  of  a  very  superior 
quality  for  the  manufacture  of  car- wheels  has  long*  been  made  in  char- 
coal furnaces.  In  other  parts  of  Virginia  pig-iron  of  excellent  quality 
is  made  in  a  few  charcoal  furnaces  and  in  several  new  and  large  coke 
furnaces,  and  this  iron  is  finding  a  market  for  general  purposes  as  fiir 
north  as  New  England. 

Near  Grimora  Station,  in  Augusta  County,  Virginia,  on  the  Shenan- 
doah Valley  Eailroad,  there  exists  a  large  deposit  of  manganese  ore, 
which  has  been  worked  for  several  years  and  which  has  contributed 
during  the  past  year  a  considerable  quantity  of  ore  for  the  manufacture 
of  spiegeleisen  and  ferromanganese  in  PennsyWania.  An  analysis  of 
this  ore  gives  57.291  per  cent,  of  metallic  manganese^  .373  of  metallic 
iron,  and  .075  of  phosphorus.  There  are  other  promising  deposits  of 
manganese  ore  in  this  State. 

In  West  Virginia  a  great  variety  of  ii'on  ores  is  also  found,  which  are 
smelted  with  both  coke  an  1  charcoal,  but  few  if  any  of  these  have  been 
used  in  the  manufacture  of  steel.  The  Bessemer  steel  that  is  now  manu- 
factured at  Wheeling  is  made  from  pig-iron  smelted  from  Lake  Su- 
perior and  Missouri  ores.  The  State  is  more  noted  for  its  coal  deposits 
and  for  the  large  quantities  pf  nails  it  manufactures  than  for  its  iron 
ores. 

18.  An  extensive  deposit  of  magnetic  iron  ore  is  found  on  the  western 
slope  of  Iron  Mountain,  in  Mitchell  County,  North  Carolina,  about  3 
miles  firom  the  Tennessee  line,  which  is  known  as  the  Cranberry  '^  ore 
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bank."  This  deposit  has  been  worked  in  a  small  way  for  a  hnndred 
years,  the  ore  being  converted  into  bar  iron  in  the  neighboring  blooma- 
ries,  but  recently  the  Cranberry  Iron  Company  has  made  preparation* 
to  ship  the  ore  to  other  sections  of  the  country,  and  it  has  also  built  a^ 
small  charcoal  furuace  at  the  mines.  The  distance  from  the  mines  to 
places  of  consumption  is,  however,  so  great  that  up  to  the  present  time 
but  little  ore  has  been  shipi)ed,  although  its  superior  adaptability  to 
the  manufacture  of  steel  is  everywhere  acknowledged.  It  is  practically 
free  from  sulphur  and  phosphorus.  We  subjoin  five  analyses  of  Cran- 
berry ore,  which  we  obtain  from  Mr.  P.  M.  Hale's  work  on  The  Coal  and 
Iron  Counties  of  I^orth  Carolina: 
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l^orth  Carolina  has  many  other  deposits  of  magnetic  and  hematite 
ores,  which  have  been  fitfully  worked  in  a  small  way  for  more  than  a 
century,  but  none  of  these  deposits,  not  even  the  Cranberry  ''ore  bank,'' 
will  compare  in  extent  with  the  immense  deposits  of  Lake  Superior,  tbe 
Iron  Mountain  and  Pilot  Knob  in  Missouri,  and  the  Cornwall  "ore  hills" 
in  Pennsylvania.  The  coal  deposits  of  North  Carolina  are  as  yet  prac- 
tically undeveloped. 

19.  The  iron  ores  of  Kentucky,  Tennessee,  Alabama,  and  Georgia 
embra<;e  most  known  varieties,  and  they  are  certainly  found  in  very 
large  quantities  and  are  widely  distributed.  They  have  been  worked 
for  many  years,  some  of  them  for  a  hundred  years,  and  much  of  the  iron 
made  from  them  has  enjoyed  a  very  high  reputation  for  strength  and 
toughness.  Until  in  recent  years  charcoal  was  exclusively  used  as  fhel, 
but  now  coke  is  largely  used,  chiefly  in  new  and  modem  furnaces. 
Chattanooga  and  Birmingham  are  now  as  well  known  iron  centers  as 
Pittsburgh,  Youngstown,  Johnstown,  or  other  places  in  the  North. 
Southern  pig-iron  ift  shipped  to  Philadelphia,  New  York  City,  and  to  New 
England  markets  and  is  sold  at  a  profit.  The  impetus  that  nas  recently 
been  given  to  the  iron  industry  of  this  section  is  largely  due  to  investments 
of  Northern  capital.  The  four  Southern  States  mentioned  do  not  as  a 
group  produce  any  appreciable  quantity  of  steel,  and  for  the  reason  that 
very  few  ores  suitable  for  the  manufacture  of  steel  have  been  discovered. 
Evenin  the  vicinity  of  Birmingham,  where  there  are  a  dozen  furnaces, 
no  attempt  has  yet  been  made  to  manufacture  Bessemer  pig-iron,  be- 
cause suitable  ores  are  not  within  reach.  Some  ores,  it  is  true,  are 
sufficiently  low  in  phosphorus,  but  they  are  practically  unfitted  for  the 
manufiEM^tnre  of  steel  because  of  the  very  great  irregularity  in  the  occur- 
rence of  this  obnoxious  element.  Ore  has  been  taken  from  some  hema> 
tite  veins  in  Alabama  that  was  almost  free  from  phosphorus,  but  twenty 
yards  distant  in  the  same  vein  one-half  of  1  per  cent,  of  phosphorus  has 
been  found.    In  Georgia  and  Alabama  several  small  mines  of  mangan- 
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iferoas  iron  ore  suitable  for  the  manafactnre  of  spiegeleisen  have  been 
opened  and  their  product  is  now  being  utilized. 

We  subjoin  several  representative  analyses  of  Alabama  ores  which 
we  receive  from  an  entirely  trustworty  source. 
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The  iron  ores  of  Tennessee  have  long  been  celebrated.  Bar  iron  was 
made  in  its  Catalan  forges  a  hundred  years  ago,  and  fifty  years  ago 
iron  was  made  in  considerble  quantities  in  this  State  and  shipped  to 
Pittsburgh  in  the  form  of  blooms.  Much  of  the  capital  that  was  then 
used  in  developing  its  iron-making  resources  was  supplied  by  Pennsyl- 
vauia  iron  masters.  In  the  manufacture  of  car-wheels  and  best  refined 
bar  iron  the  iron  ores  of  Tennessee  have  no  superior.  As  one  result  of 
the  extension  of  the  railroad  system  of  the  State  it  is  supposed  that 
larger  deposits  of  iron  ore  than  have  ever  been  worked  within  its  bor- 
ders will  soon  be  developed.  The  iron  ores  of  this  State  exist  in  such 
great  variety  that  any  analyses  we  might  give  of  them  in  our  limited 
space  would  represent  only  a  small  part  of  them. 

The  most  important  iron-making  district  in  Kentucky  is  the  Hanging 
Bock  district,  and  yet  this  district  now  draws  its  principal  supply  of 
ore  from  Bath  County  in  the  same  State,  but  outside  of  the  district. 
Considerable  quantities  of  ore  from  Bath  County  are  annually  sent  to 
Ashland,  Ky.,  and  also  to  Ironton  and  Columbus,  Ohio. .  An  average 
analysis  of  the  ores  of  Bath  County  is  as  follows : 
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The  only  reason  why  the  Hanging  Eock  region  draws  a  large  part  of 
its  supply  of  ore  firom  Bath  County  appears  to  be  the  greater  richness 
of  this  ore  as  compared  with  Hanging  Bock  ores.  The  latter  average 
about  32  per  3ent.  of  metallic  iron,  whereas  the  Bath  County  ore  av- 
erages, as  has  just  been  shown,  about  48  per  cent.  The  requirements 
of  modern  furnace  practice  and  the  severity  of  competition  now  militate 
greatly  in  all  sections  against  the  use  of  lean  ores.    The  Bath  County 
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ores  produce  a  soft,  fluid  iron,  very  suitable  for  foundry  purposes.  The 
first  blast  fnruace  in  Kentucky  was  built  in  Bath  County  in  1791.  The 
iron  ores  of  other  sections  of  Kentucky  produce  excellent  iron  for  rolL- 
ing-mill  purposes. 

20.  Outside  of  Missouri  none  of  the  States  and  Territories  lying  west 
of  the  Mississippi  River  have  developed  an  iron  industry  of  especially 
significant  proportions.  Colorado  and  California  have  made  the  most 
progress  in  this  direction,  but  even  their  achievements  have  fallen  very 
far  short  of  the  results  accomplished  by  many  of  the  older  States. 
Nearly  all  of  the  States  and  Territories  west  of  the  Mississippi  contain 
iron  ore,  but  this  part  of  our  country  is  too  vast  and  too  new,  and  trans- 
portation within  its  limits  is  too  restricted,  to  have  either  called  for  or 
permitted  much  attention  to  the  manufacture  of  iron.  In  the  light  of 
present  develoimients  we  may  safely  conclude  that  the  iron  industry 
west  of  the  Mississippi  and  outside  of  Missouri  will  be  of  very  slow 
growth.  The  most  recent  and  valuable  discovery  of  iron  ore  in  the  sec- 
tion of  country  under  consideration  has  been  made  in  Arkansas,  where 
ore  of  a  character  suitable  for  the  manufacture  of  spiegeleisen  has  been 
found  in  Independence  County  in  large  iquantities,  and  is  now  being 
used  by  Carnegie  Brothers  &  Company  Limited  and  the  Cambria  Iron 
Company. 

Summary. — The  foregoing  bird^s-eye  view  of  the  iron-ore  resources  of 
our  country  establishes  a  number  of  important  facts.  It  brings  freshly 
to  mind  the  remoteness  from  pointat  of  ultimate  consumption  of  the 
great  Lake  Superior  iron-ore  fields,  where  quantity  and  quality  of  ore 
are  found  in  combinations  unequaled  in  any  other  section.  It  shows 
that,  widely  as  iron  ores  are  distributed  in  this  country,  such  of  these 
ores  as  are  suitable  for  the  manufacture  of  steel  are  confined  to  com- 
paratively limited  areas,  but  that  they  are  in  abundant  supply.  It 
shows  that  some  of  the  most  important  iron-ore  deposits  in  the  country 
have  been  developed  since  the  boom  of  1879  and  1880.  It  shows  that 
foreign  ores,  obtained  in  Spain,  Italy,  and  other  countries,  are  yearly 
imported  into  many  States  to  be  used  either  alone  or  as  a  mixture  with 
native  ores,  and  that  the  reasons  for  this  importation  are,  first,  their 
excellence  for  special  puriK)ses,  particularly  the  manufacture  of  Bessemer 
pig-iron  and  spiegeleisen,  and,  second,  their  cheapness  as  compared 
with  native  ores  that  must  be  transported  long  distances  by  rail.  We 
do  not,  however,  import  annually  one-fifth  as  much  foreign  ore  aQ  Great 
Britain,  nor  one-half  as  much  as  France  or  Belgium,  and  but  little  more 
than  one-half  as  much  as  Germany.  As  has  been  shown,  our  imports 
of  iron  ore  in  1884  amounted  to  only  one-sixteenth  of  the  total  quantity 
of  domestic  iron  ore  consumed  in  that  year. 

If  the  question  were  asked  whether  this  country  could,  if  required, 
supply  from  within  its  own  borders  all  of  the  iron  ore  needed  in  every 
branch  of  its  iron  and  steel  industries,  including  the  manufacture  of 
the  finer  kinds  of  crucible  steel,  the  answer  might  unhesitatingly  be 
made  in  the  affirmative.  We  can  make  as  good  iron  for  crucible  steel 
as  the  Swedes  do  if  we  would  only  be  as  painstaking  as  they  are.  We 
have  ores  in  great  abundance  for  the  manufacture  of  Bessemer  steel 
by  the  original,  or  acidf  process,  which  is  the  only  process  for  the  man- 
ufacture of  this  kind  of  steel  that  now  exists  in  this  country,  if  we  ex- 
cept one  unsatisfactory  experiment  that  has  recently  been  made  with 
the  Thomas-Gilchrist,  or  basic,  process,  and  one  establishment  for  the 
manufacture  of  steel  by  the  Clapp-Grifflths  process.  These  ores  are, 
however,  not  readily  accessible  to  all  the  Bessemer  establishments  of 
the  country.    We  have  discovered  ores  for  the  manufacture  of  spiegel- 
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eisen  and  ferro-manganese  that  would  place  oar  steel  industry  on  a  self- 
sustaining  basis  if  our  fareign  supply  of  these  products  should  be  inter- 
rupted. We  would  be  better  off  in  this  particular  than  Great  Britain, 
which  is  practically  without  mauganiierouB  iron-ore  deposits.  Man- 
ganese itself  we  export  to  that  country.  The  firm  of  Carnegie  Brothers 
&  Company  (limited ),  of  Pittsburgh,  uses  only  domestic  ore  in  the  man- 
facture  of  its  high-grade  ferro- manganese. 

As  steel  has  rapidly  come  into  use  in  late  years  as  a  substitute  for 
iron,  not  only  for  rails  but  for  other  purposes,  it  is  a /act  of  some  inter* 
est,  to  which,  we  believe,  public  attention  has  not  heretofore  been 
called,  that  pig-iron  suitable  for  the  manufacture  of  Bessemer  steel  by 
the  process  that  is  now  in  use  in  this  country  has  never  been  made  in 
any  part  of  the  country  south  of  the  Potomac  or  south  of  Wheeling. 
Southern  ores^  with  rare  exceptions,  are  too  high  in  plg>sphorus  for  tiie 
purpose  mentioned.  If  the  South  should  engage  in  the  manufacture  of 
Bessemer  steel  to  a  greater  extent  than  it  has  yet  done  at  Wheeling  it 
would  probably  employ  the  Thomas -Oilchrist  process,  which  requires 
that  pig-iron  should  be  high  in  phosphorus  that  the  work  of  elimination 
in  the  converter  may  be  completely  successful;  or  it  would  employ  the 
Clapp-Griffiths  process,  which  is  said  to  permit  the  presence  in  the 
steel  itself  of  a  large  percentage  of  phosphorus  without  detriment  to 
its  quality,  a  result  which  is  only  rendered  possible  by  the  rigorous 
exclusion  of  silicon. 

May,  1885.  • 

JAMES  M.  SWANK. 


STATEMENT  OF  MB.  FBEDEBIC  P.  DEWET. 

Washington,  D.  0.,  November  17, 1884. 

Mr.  Morgan.  Please  state  yoar  name  and  present  position. 

Mr.  Dewey.  Frederic  P.  Dewey;  curator  metallurgy,  National  Mu- 
seum. 

Mr.  Morgan.  How  long  have  you  been  in  the  business  of  investigat- 
ing the  metallurgy  of  iron  and  steel! 

Mr.  Dewey.  About  nine  years. 

Mr.  Morgan.  Before  that  time  what  was  your  occupation! 

Mr.  Dewey.  I  was  studying  before  that,  preparing  for  my  investi- 
gations. I  was  educated  at  the  Sheffield  Scientific  School  at  New 
Haven. 

Mr.  Morgan.  You  are  both  a  metallurgist  and  chemist,  and  now  the 
curator  of  this  section  of  the  National  Museum! 

Mr.  Dewey.  Yes,  sir. 

Mr.  Morgan.  Where  did  you  do  your  earliest  work  as  chemist  and 
metallurgist! 

Mr.  Dewey.  My  first  practical  engagement  was  at  the  Port  Oran 
Furnace,  in  Morris  County,  New  Jersey,  manufacturing  mainly  spiegel- 
eisen  for  the  steel  business.  I  had  charge  of  the  laboratory,  and,  inci- 
dentally, had  considerable  to  do  with  the  furnace,  I  made  a  very  com- 
plete record  of  its  work.  Every  cast  of  metal  was  analyzed  thoroughly 
and  all  ores  and  materials  used. 

Mr.  Morgan.  Your  next  engagement  was  where! 

Mr.  Dewey.  After  that  I  spent  some  time  at  New  Haven — about  a 
year — studying  and  making  analyses,  and  then  went  to  Chattanooga, 
Tenn.^  was  chemist  to  the  I^ane  Iron  Company,  and  had  charge  of  the 
steel-melting  house  there. 

Mr.  Morgan.  Are  there  any  ores  abundant  in  New  Jersey  that  would 
make  Bessemer  steel  without  mixing  with  other  ores! 

Mr.  Dewey.  Yes,  sir ;  the  ore  with  which  I  was  most  familiar  was 
the  Hedges,  at  Chester,  in  Morris  County. 

Mr.  Morgan.  What  is  the  average  percentage  of  metallic  iron  in  those 
ores! 

Mr.  Dewey.  In  the  Hedges  ore  it  was  about  sixty.  That  ore,  how- 
ever, was  high  in  sulphur  and  required  roasting. 

Mr.  Morgan.  Could  you  free  the  ore  from  sulphur  by  roasting  ! 

Mr.  Dewey.  Yes,  sir ;  to  a  large  extent. 

Mr.  Morgan.  And  in  that  way  you  made  it  a  good  steel  ore  ! 

Mr.  Dewey.  Yes,  sir ;  the  sulphur  in  the  original  ore  is  very  high — 
over  2  per  cent. — and  they  run  it  do«vn  as  low  as  0.1,  with  an  average  of 
about  0.26. 

Mr.  Morgan.  In  your  experience  in  handling  iron  ores  that  are 
highly  charged  with  sulphur,  is  it  practicable,  generally,  to  get  rid  of 
the  excessive  percentage  by  roasting  ! 

Mr.  Dewey.  That  depends  a  great  deal  upon  the  character  of  the 
sulphirr.  If  the  sul|)hur  is  present  as  iron  pyrites,  it  is  very  easy  to  re- 
move it}  if  it  should  be  present  as  the  white-iron  pyrites — ^the  magnetic 
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pyrites — ^it  is  uot  so  easy.  The  iron  pyrites  is  a  componnd  of  1  equiva- 
lent of  iron  and  2  equivalents  of  sulphur ;  it  is  exceedingly  easy  to  drive 
off  the  first  atom  of  sulphur,  while  the  second  atom  goes  off  slowly  bat 
surely.  In  the  magnetic  pyrites,  the  compound  is  7  equivalents  of  iron 
to  8  equivalents  of  sulphur.  There  is  only  a  small  amount  of  the  sul- 
phur that  goes  out  easily,  but  the  rest  of  it  roasts  off  in  contact  with 
the  air  in  a  heated  condition.  If,  however,  the  sulphur  is  present  in  au 
oxidized  state,  as  a  sulphate,  as  is  quite  frequently  the  case,  no  amount 
of  roasting  will  take  it  out.  There  is  a  specimen  [exhibitiogj  contain- 
ing gypsum — sulphate  of  lime — and  no  amount  of  roasting  will  take  that 
sulphur  out.  On  the  other  hand,  sulphur  in  that  condition  goes  ofiT 
more  easily  in  the  slag  in  the  blast  furnace  than  it  does  in  the  form  of 
pyrites.  Much  of  the  sulphur  in  the  Hedges  ore  is  in  the  form  of  mag^- 
netic  pyrites. 

Mr.  Morgan.  Is  it  a  fact  that  the  magnetic  ores  are  generally  charged 
with  a  less  amount  of  sulphur  than  the  hematites  f 

Mr.  Dewey.  No;  the  magnetites  as  a  rule  contain  more  sulphur 
than  any  other  ore. 

Mr.  Morgan.  And  harder  to  get  rid  of  if  in  the  oxidized  form  f 

Mr.  Dewey.  It  is  not  often  in  the  oxidized  form  in  the  magnetites,, 
but  when  it  is,  it  is  harder  to  get  rid  of. 

Mr.  Morgan.  What  would  you  say  would  be  the  supply  of  steel- 
producing  ores  in  New  Jersey  that  would  yield  as  much  as  50  per  cent* 
of  metallic  iron ;  whether  the  supply  would  be  adequate,  for  example, 
for  the  prospective  uses  of  the  Government  in  building  ships  and  guns  t 

Mr.  Dewey.  Undoubtedly,  the  supply  would  be  adequate. 

Mr.  MoRq^AN.  Did  you  make  spiegeleisen  in  JS^ew  Jersey  of  native 
ores! 

Mr.  Dewey.  Principally  of  foreign  ores.  Towards  the  latter  part  of 
the  time  that  I  was  there  an  attempt  was  made  to  utilize  the  residuum 
from  the  Franklinite  ore.  This  ore  contains  zinc,  iron,  and  manganese. 
The  zinc  is  first  taken  out  in  the  ordinary  Wetherili  furnace  by  distilla- 
tion and  oxidation,  leaving  a  residue  containing  iron  and  manganese. 
This  is  called  "  residuum."  They  attempted  at  this  furnace  to  use  that 
residuum  in  the  manufacture  of  spiegeleisen.  They  met,  however,  with 
two  difficulties ;  the  process  of  extracting  the  zinc  is  ^so  the  process  of 
forming  a  silicate,  and  that  silicate  was  troublesome  m  the  furnace  on 
account  of  giving  up  its  silicon  easily  to  the  pig.  But  the  great  trouble 
was  with  the  zinc  remaining  in  the  residuum.  The  zinc  process  did  not 
take  out  all  of  the  metal.  Sometimes  two  or  three  per  cent,  would  re- 
main, and  this  zinc  would  go  off  in  the  blast  furnace  and  form  a  crust 
around  the  tunnel  head^  besides  going  over  into  the  gas  ways  and 
choking  them  up,  necessitating  long  and  disastrous  stops  to  clean  them 
out. 

Mr.  Morgan.  Have  you  ever  made  any  spiegeleisen  in  the  United" 
States  from  native  ores  f 

Mr.  Devtey.  Nouq  but  that. 

Mr.  Morgan.  Did  you  ever  make  any  examination  of  the  spiegeleisen 
ores  in  the  vicinity  oi*  Oxford,  Ala. ! 

Mr.  Dewey.  No,  sir;  but  I  have  analyzed  quantities  of  manganese 
ores  from  all  over  Georgia,  and  some  from  Alabama. 

Mr.  Morgan.  Are  they  abundant  in  Georgia  and  Alabama! 

Mr.  Dewey.  Very  abundant  j  but  the  ores  there  are  generally  rather 
high  in  phosphorus.  # 

Mr.  Morgan.  You  speak  now  of  manganese  ores  proper! 

Mr.  Dewey.  Yes,  sirj  more  particularly  those  about  Cartersville* 
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At  the  diamond  furnace  near  Oartersville,  Oa.,  a  considerable  amount 
of  spiegeleisen  was  made  in  1876;  this  was  of  very  good  quality,  and  was 
used  in  the  manufacture  of  £teel.  At  times  some  high  grade  ferro- 
manganse  was  made  as  high  as  60  per  cent,  manganese.  This  furnace 
stopped  making  spiegeleisen  before  I  went  to  Chattanooga,  but  I  used 
considerable  of  the  material  produced  by  it. 

Mr.  Morgan.  Was  it  good  f 

Mr.  Dewey.  It  was  with  the  one  exception  of  being  high  in  phos- 
phorus.   It  contained  from  about  0.25  to  0.4  of  phosphorus. 

Mr.  Morgan.  What  would  you  think  would  be  a  good  description  of 
iron  for  making  Bessemer  steel?  Give  the  different  deleterious  elements 
that  might  be  safely  combined  or  found  in  the  product ;  and  give  your 
opinion  as  to  what  could  be  classed  as  good  ore  for  the  production  of 
steel. 

Mr.  Dewey.  The  first  thing  to  consider,  of  course,  is  the  phosphorus. 
In  the  Bessemer  process  the  pig-iron  to  be  used  ought  not,  under  ordi- 
nary circumstances,  to  contain  over  0.1  per  cent,  of  phosphorus.  This 
would  necessitate  less  than  0.05  of  1  per  cent,  of  phosphorus  in  a  50 
per  cent.  ore.  If  the  fuel  or  the  limestone  used  for  flux  should  contain 
phosphorus  there  must- necessarily  be  a  corresponding  reduction  of  the 
amount  of  phosphorus  contained  in  the  ore  in  order  to  make  a  suitable 
pigiron  for  steel  making.  It  is  possible  sometimes  to  use  a  pigiron  con- 
taining more  than  0.1  per  cent,  of  phosphorus,  provided  it  is  mixed  with 
an  iron  containing  so  much  less  than  0.1  per  cent,  that  the  average  in 
the  final  mixture  falls  below  the  limit  of  0.1  per  cent.  The  question  of 
sulphur  in  the  ore  is  not  so  easy  to  state,  because  by  the  use  of  lime  in 
sufficient  amounts  quite  large  percentages  of  sulphur  can  be  removed. 
I  have  no  doubt  that  with  proper  treatment  ores  containing  0.4  per  cent, 
of  sulphur  could  be  utilized  fOr  making  pig-iron  for  the  Bessemer  pro- 
cess. Sulphur  can  be  removed  in  a  blast  furnace,  while  only  an  exceed- 
ingly small  amount  of  phosphorus  can  be  removed  when  the  furnace  is 
running  properly. 

Mr.  Morgan.  What  amount  of  silicon  would  be  admissible  in  iron  if 
you  expected  to  produce  Bessemer  steel  ? 

Mr.  Dewey.  The  silicon  might  run  up  as  high  as  3  i)er  cent. 

Mr.  Morgan.  \Yithout  detriment  to  the  steel  9 

Mr.  Dewey.  Yes,  sir.  It  is  necessary  to  have  about  2  per  cent,  of 
silicon  in  the  pig  in  order  to  keep  up  the  heat  during  the  blow. 

Mr.  Morgan.  Please  to  explain  that  necessity  and  the  reason  for  it. 

Mr.  Dewey.  It  is  necessary  to  have  something  to  keep  up  the  heat 
of  the  bath  of  metal  during  the  blow.  I  will  not  say  it  must  be  sil- 
icon, but  with  a  charge  of  molten  pig  in  the  converter,  it  must  necessa- 
rily be  kept  hot  to  keep  it  fluid.  Now,  the  limit  of  carbon  that  can  be 
obtained  in  an  ordinary  pig  is  not  sufficient,  as  the  combustion  of  that 
carbon  will  not  give  sufficient  heat  to  keep  the  bath  fluid,  and  silicon  is 
the  most  available  material  for  this  purpose. 

Mr.  Morgan.  Would  you  think  2  per  cent,  of  silicon  would  be  nec- 
essary in  order  to  keep  the  bath  fluid  and  to  produce  a  proper  quality 
of  steel  t 

Mr.  Dewey.  No,  sir;  it  is  not  necessary  for  the  quality.  If  you  could 
get  the  heat  in  some  other  way  it  would  be  the  same.  The  silicon  is 
simply  the  producer  of  heat. 

Mr.  Morgan.  Is  that  also  true  in  the  open-hearth  and  in  the  crucible  i 
process  ? 

Mr.  Dewey.  It  is  not ;  but,  on  the  contrary,  the  reverse  is  true.  In 
such  cases  you  want  as  little  silicon  as  possible. 
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Mr.  MosaAN.  So  that  in  making  Bessemer  steel  at  least  2  per  cent, 
of.  silicon  is  required,  and  in  the  crucible  and  open-hearth  processes  you 
think  the  presence  of  silicon  would  be  a  disadvantage  9 

Mr.  Dewey.  Yes,  sir ;  I  not  only  think  so,  but  that  is  a  thing  I  know. 

Mr.  MoBGAN.  If  you  found  that  pig  metal  you  were  converting  into 
steel  had,  say,  10  per  cent,  of  silicon  in  it,  would  you  feel  that  you  were 
able  to  get  rid  of  that  at  will  ? 

Mr.  Dewey.  That  would  depend  upon  two  circumstances.  Do  you 
mean  to  limit  me  to  that  kind  of  iron  entirely  t 

Mi*.  Morgan.  No  }  I  mean  to  limit  you  to  iron  to  produce  steel. 

Mr.  Dewey.  No  ;  but  if  I  have  an  iron  very  high  in  silicon  it  can 
frequently  be  used  by  mixing  with  iron  lower  in  silicon. 

Mr.  Morgan.  I  mean  to  bar  that  out. 

Mr.  Dewey.  Then  irons  as  high  as  10  per  cent,  in  silicon  can  be  util- 
ized by  treating  them  by  some  of  the  various  bath  processes,  more  par- 
ticularly what  is  called  the  Krnpp  washing  process,  which  is  essentially 
the  same  in  its  design  as  that  for  the  removal  of  phosphorus.  1  have 
used  it  for  the  removal  of  silicon  and  found  it  to  work  very  well.  Pig 
iron  made  from  a  gray  specular  ore  from  near  Cartersville,  Ga.,  in  the 
Chattanooga  furnace,  contained  from  3  to  4^  per  cent,  of  silicon.  By 
treatment  with  oxide  of  iron  in  the  ordinary  puddle  furnace  and  rabbling 
the  silicon  was  reduced  to  about  1  per  cent. 

Mr.  Morgan.  Do  you  think  that  heat  alone,  without  any  other  agent, 
would  be  suflOicient  to  reduce  the  silicon  in  iron  excessively  charged  with 
it  down  to  a  suf&cient  per  cent.f 

Mr.  Dewey.  Simply  by  heating  f 

Mr.  Morgan.  Yes;  continuing  the  boiling,  for  instance t 

Mr.  Dewey.  No,  sir ;  it  is  desirable  to  keep  the  heat,  in  such  a  case 
as  that,  just  as  low  as  can  be  and  keep  the  metal  working.  At  a  high 
temperature  the  silicon  will  be  reduced  and  returned  to  metal. 

Mr.  Morgan.  Silicon  has  a  strong  aflflbaity  then,  I  suppose,  for  iron! 

Mr.  Dewey.  Yes,  sir. 

Mr.  Morgan.  And  when  that  is  melted  and  the  silicon  is  actually  in 
a  state  of  fusion  it  is  apt  to  combine  with  the  iron  f 

Mr.  Dewey,  When  it  is  reduced  from  its  oxygen  compound  then  it 
will  combine  with  iron.  You  can  hardly  say  when  it  is  melted,  because 
it  melts  at  a  very  high  temperature.  You  must  have  it  in  combination 
with  iron. 

Mr.  Morgan.  It  becomes  a  metal,  then,  when  it  is  reduced  9 

Mr.  Dewey.  Yes,  sir ;  metallic  silicon. 

Mr.  Morgan.  You  would  not  regard  the  presence  of  an  excess  of 
silica  in  the  ore  as  necessarily  preventing  the  use  of  that  ore  for  making 
good  steel  9 

Mr.  Dewey.  No,  sir;  that  would  not  prevent  its  making  good  steel. 
Of  course,  when  I  say  "  prevent''  I  mean  what  I  say.  I  do  not  mean  that 
it  might  not  be  more  desirable  to  use  an  ore  that  was  low  if  you  could 
get  it. 

Mr.  Morgan.  In  your  examination  of  ores  of  the  South  have  you  ever 
found  any  titanic  acid  9 

Mr.  Dewey.  No,  sir. 

Mr.  Morgan.  Any  alumina  9 

Mr.  Dewey.  Yes,  sir;  alumina  is  almost  always  present  in  iron  ores. 
,    Mr.  Morgan.  Are  *4imonites"  and  "hematites"  convertible  terms 9 

Mr.  Devtey.  Hematite  is  the  anhydrous  oxide  of  iron,  while  limonite 
is  the  hydrated  oxide.  Hematite  is  red,  limonite  is  brown.  In  the 
terms  of  the  miner  they  are  frequently  convertible. 

Mr.  Morgan.  The  magnetic  ores  are  gray,  are  they  not  9 
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Mr.  Dewey.  They  are  generally  black. 

Mr.  MoBGAN.  I  supposed  they  were  gray  becaase  they  appear  gra^ 
in  combination. 

Mr.  Dewey.  Yes,  sir.  When  the  black  magnetic  oxide  of  i^on  is 
mixed  with  a  white  material  like  quartz  the  ore  would  appear  gray. 

Mr.  Morgan.  In  •  your  examinations  in  the  South  have  you  found  a 
greater  prevalence  of  phosphorus  in  the  limonites  or  in  the  magnetic 
orest 

Mr.  Dewey.  As  a  general  thing  there  has  been  more  phosphorus  in 
the  limonites  than  in  the  magnetic  ores;  but,  at  the  same  time,  I  have 
examined  more  limonites  than  I  have  magnetites. 

Mr.  Morgan.  Will  you  give  some  account  of  the  limonites  t 

Mr.  Dewey.  Beginning  even  farther  north  than  the  out-crops  marked 
upon  the  maps  of  Garter  County,  deposits  of  limonite  sufficiently  low 
in  phosphorus  for  Bessemer  purposes  have  been  discovered.  The  fol- 
lowing analyses  are  of  ores  from'  Taylor's  Eidge,  Carter  County,  Ten- 
nessee: 

No.  1.  Phosphorus,  0.075  per  cent.;  silicious  matter,  11.35  per  cent.; 
metallic  iron,  59.05  per  cent. 

No.  2.  Phosphorus,  0.054  per  cent. ;  silicious  matter,  16.63  per  cent. ; 
metallic  iron,  62.72  per  cent. 

Just  east  of  the  railroad  in  Hamblen  County,  Tennessee,  an  ore  found 
on  Mr.  Williams's  farm  contaijis  0.028  phosphorus;  and  on  Mr.  Woods's 
farm  is  an  ore  containing  0.059  phosphorus.  Just  at  the  beginning  of 
the  line  of  outcrops  marked  upon  the  map  is  an  ore  suitable  for  th^  . 
Bessemer  process.  A  sample  of  the  ore  from  Bompas  Cove,  south  of 
the  town  of  Morristown,  yielded  the  following  results  upon  analyses  by 
Professor  C.  P.  Chandler,  September  28, 1872: 

Per  cent. 

ScNsqnioxide  of  iron 81.35 

Seeqmoxide  of  manganese 0.75 

Aluiuin# : 1.59 

Lime 0.57 

Magneeia .....: 0.12 

Sulphnr 0.16 

Phosphoric  aoid 0.11 

Silica  11.74 

Water 3.80 

100.19 
Eqaiyalent  to- 
Metallic  iron 56.19 

MetaUic  manganese 0.52 

flnlphnr 0.16 

Phocfphonie 0.05 

Following  along  the  line  of  outcrops,  the  next  place  explored  is  just 
south  of  the  town  of  Maryville.  This  locality  is  the  most  thoroughly 
developed  of  any  in  this  region.  A  considerable  amount  of  ore  has  been 
taken  out  for  use  at  Chattanooga  in  the  manufacture  of  steel  in  open- 
hearth  furnaces.  The  following  series  of  analyses  was  made  by  myself 
while  at  Chattanooga: 


Seston. 

Wikon. 

StookpQe  at 

Chattanooga 

fnxnaoo. 

ICaiT 
Carpenter. 

'V^a^r 

P«r«t 

11.83 
4.23 

67.68 
0.79 
0.0ft 

PereL 

13.00 
4.00 

57.04 
0.46 
0.042 

Pm-eL 

Ptrct, 

12.02 

gilica      

6.60 
55.16 
0.14 
0.044 

Iron      -.-...-..-..-.- -...--. 

5&20 

SnlnlmT      .   ....•...•.....•..•>«>■■••*••...•..>•*••>••*••••• 

PhotphomB 

0.038 
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Phosphonis :  P*'  <*nt- 

Widow  Carpenter 0.047 

Woods-Wilson 0.097 

,      Do A -• 0.066 

E.  Carpenter 0.031 

Three  miles  sonth  of  Maryville 0.045 

Pope g. 0.071 

Rorex -• 0.044 

Seaton  0.075 

Montgomery 0.049 

Mary  Carpenter 0.03O 

Do 0.0l» 

Silica: 

Seaton   2.54 

Montgomery 5.49 

Mary  Carpenter 4.64 

Do 4.04 

Following  along  the  same  line  to  the  Tellico  Eiver,  in  Monroe  County, 
I  Lave  made  the  following  analyses :  Phosphorus,  0.032  per  cent  ;  0.050 
per  cent. ;  0.031  per  cent. 

Continuing  along  the  line  east  of  Athens,  in  the  same  county,  I  have 
made  the  following  analyses:  Phosphorus,  0.013  per  cent.;  0.060 per 
cent. ;  0.049  per  cent. 

At  the  end  of  the  line  at  Hiwassee,  in  McMinn  County,  I  have  made 
the  following  analyses:  Phosphorus,  0.058  per  cent.;  0.063  per  oent.f< 
0.031  per  cent. 

Mr.  MoBGAK .  Are  all  the  ores  above  described  limonites  t 
•    Mr.  Dewey.  Yes,  sir. 

Mr.  Morgan.  Have  you  tested  any  ores  practically  as  well  as  chemi- 
cally in  Georgia  and  Alabama,  amongst  the  limonites  t 

Mr.  Dewey.  Not  any  of  the  limonites. 

Mr.  MoBQAN.  Will  you  give  a  history  of  the  Maryville  orest 

Mr.  Dewey.  The  ores  were  mined  by  the  Roane  Iron  Company  and 
smelted  by  the  Chattanooga  Iron  Company :  and  the  pig  was  d^vered 
to  the  Roane  Iron  Company  at  their  steel  furnace  and  converted  into 
steel  in  the  open-hearth  plant.  The  same  ores  were  afterwards  sent  to 
Bockwood,  Tenn.,  and  smelted  by  the  Roane  Ivon  Company,  and  re- 
turned to  Chattanooga  and  manufactured  into  steel  by  the  open-hearth 
process  for  rails. 

Mr.  Morgan.  Did  they  make  good  rails  t 

Mr.  Dewey.  They  made  very  good  rails.  The  rails  were  sold  to  and 
used  by  various  railroad  companies  in  the  South.  They  sold  all  they 
could  make. 

Mr.  MoBGAN.  Have  you  ever  examined  the  Cranberry  ores  of  North 
Carolina  f 

Mr.  Dewey.  I  have  been  to  the  Cranberry  mine ;  have  made  a  hur- 
ried examination  of  it,  and  have  seen  considerable  of  the  Cranberry  ore 
and  known  it  by  reputation  for  eight  years. 

Mr.  MoBGAN.  What  appeared  to  be  the  quantity  of  supply  at  the 
mines  f 

Mr.  Dewey.  The  supply  of  what  might  be  called  first-class  shipping 
ore  that  would  bear  transportation  to  Pennsylvania,  seemed  to  be 
somewhat  limited,  but  the  supply  of  good  smelting  ore  that  could  be 
utilized  within  a  reasonable  distance  of  the  furnace  was  quite  large. 

Mr.  Morgan.  Utilized  for  steel  f 

Mr.  Dewey.  Utilized  for  the  manufacture  of  pig-iron  to  be  converted 
into  steel.  In  the  case  of  the  Cranberry,  I  should  think  it  would  be 
better  to  have  the  pig  smelted  somewhere  aear  the  mine,  say  at  Knox- 
vUle  or  Chattanooga.    If  the  steel  works  were  located  at  the  same 
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place  very  well,  but  if  they  were  located  farther  away  ic  would  Be  more 
ecoTiomical  to  smelt  the  ore  and  then  transport  the  pig. 

Mr.  Morgan.  Have  you  an  analysis  of  the  Cranberry  ore  t 

Mr,  Dewey.  I  have  never  analyzed  it. 

Mr.  MoROAN.  What  is  the  repatation  of  that  ore  for  steel  produc- 
ing! 

Mr.  Dewey.  Its  reputation  is  very  high  as  a  steel  ore. 

Mr.  Morgan.  Is  it  in  reach  of  railroad  transportation  t 

Mr.  Dewpsy.  There  is  a  railroad  to  it  now  from  Johnson  City,  on  the 
line  of  the  East  Tennessee,  Virginia  and  Georgia  Eailroad.  It  is  a 
narrow-gauge  railroad  owned  and  operated  by  the  company  owning  the 
mines.  * 

Mr.  Morgan.  The  Cranberry  ore  is  magnetic  t 

Mr.  Dewey.  Yes,  sir. 

Mr.  Morgan.  What  is  its  color  f 

Mr.  Dewey.  Dark  and  greenish-black.  There  is  considerable  green 
hornblende  in  it. 

Mr.  Morgan.  Are  there  outcrops  of  magnetic  ores  from  the  Cran- 
berry mines  running  in  a  southwesterly  direction  in  the  neighborhood 
of  the  North  Carolina  line  t 

Mr.  Dewey.  Yes,  sir.  You  can  begin  in  North  Carolina  very  near 
the  Virginia  line  and  find  a  series  of  outcrops  there  running  along 
down  sometimes  on  one  side  of  the  boundary  and  sometimes  on  the 
other  between  North  Carolina  and  Tennessee  until  you  get  down  into 
Georgia. 

Mr.  Morgan.  I  suppose  that  tJiis  iron  belt  keeps  along  with  the 
ranges  of  mountains  that  form  the  western  border  of  North  Carolina! 

Mr.  Dewey.  Yes,  sir. 

Mr.  Morgan.  Those  mountains  are  drained  on  the  west  side  into 
he  Tennessee  River  t 

Mr.  Dewey.  Yes,  sir. 

Mr.  Morgan.  Are  the  ores  abundant  through  that  region  of  country? 

Mr.  Dewey.  The  only  place  that  I  personally  examined  is  at  Cran- 
berry, but  the  whole  country  there  has  the  reputation  of  containing  a 
great  many  large  bodies  of  magnetic  ore. 

Mr.  Morgan.  If  the  other  ores  to  the  southwest  of  Cranberry  are 
«qual  in  quality  with  those  beds,  then  you  would  say  that  the  supply 
of  steel-producing  magnetic  ore  from  that  region  of  country  would  be 
without  limit  t 

Mr.  Dewey.  Yes,  sir ;  practically  without  limit. 

Mr.  Morgan.  Are  the  Ashe  County  ores  also  magnetic! 

Mr.  Dewey.  Yes,  sir. 

Mr.  Morgan.  Give  any  description  that  you  have  of  those  ores. 

Mr.  Dewey.  Magnetic  from  Ashe  County,  North  Carolina,  shows  the 
following: 

Per  oent. 

Silica 13.88 

Iron , 53.68 

Titanticaoid 00 

Fhospbonu 0.026 

Sulphur 0.092 

December  22,  1879. 

Mr.  MoBGAN.  That  is  on  the  Atlantic  slope  t 

Mr.  Dewey.  Yes,  sir;  that  is  not  so  available.  There  are  said  to  be 
very  large  bodies  of  ore  in  Ashe  County  and  vicinity. 

Mr.  Morgan.  What  fuel  did  you  use  chiefly  at  Chattanooga  in  mak- 
ing steel t 
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Mr.  Dewey.  la  the  steel  farnace  the  coal  from  Goal  Oreek,  TenneS' 
see,  was  ased.    This  was  a  coal  very  high  in  volatOe  matter. 

Mr.  MOBGAN.  Where  is  Eockwood  f 

Mr.  Dewey.  It  is  io  Boaue  Goauty,  Tennessee,  just  back  of  the  Ten- 
nessee  Eiver,  on  the  Gincinnatl  Soathern  Railroad. 

Mr.  MoBaAN.  If  yon  have  an  analysis  of  that  coal,  please  give  it. 

Mr.  Dewey.  Goal  Greek  coal  shows  the  following: 

Peroent. 

Moistnre 1,29 

Volatile  matter '. 34.85 

Fixed  carbon 58.41 

Ash - 5.44 

Total 100.00 

Color  of  ask,  pinkish ;  November  22,  1879. 

Mr.  MoBGAN.  Gan  you  give  any  further  analyses  of  coals  from  that 
region  f 
Mr.  Dewet,  I  made  the  following  analyses: 

Sewanee  coal,  the  coke  of  which  was  used  at  the  Chattanooga  fhmaoe : 

Peroent. 

Moisture 1.77 

Volatile  matter 25.41 

Fixed  carbon 62.00 

Ash 10.82 

Total 100.00 

Solphur,  0.648  per  cent. ;  color  of  ash,  pinkish ;  November  25,  1879. 

Rockwood  coal,  the  coke  of  which  is  used  at  the  Bockwood  faixuboe : 

Peroent 

Moisture 1.76 

Volatile  matter 26.62 

Fixed  carbon 60.41 

Ash 11.52 

Total 100.00 

Sulphur,  1.487  per  cent. ;  color  of  ash,  pinkish ;  December  2,  1879. 

Mr.  Morgan.  In  yoar  examination  of  other  coals  in  the  vicinity  of 
Chattanooga  yon  found  that  they  were  available  for  farnace  purposes 
in  making  steel  t 

Mr.  Dewey.  Yes,  sir. 

Mr.  MoBGAN.  Would  you  say  that  in  regard  to  all  of  them  t 

Mr.  Dewey.  Yes,  sir.    The  next  coal  is  the  JBtna  coal : 

Percent 

Moisture 0.94 

Volatile  matter 23.72 

Fixed  carbon '. 63.94 

Ash 11.40 

Total 100.00 

Color  of  ash,  light  gray ;  November  ^,  1879. 

Dade  coal,  Georgia: 

Peroent. 

Moisture 1.29 

Volatile  matter 23.05 

Fixed  carbon 60.50 

Ash 15.16 

Total 100.00 

Sulphur,  0.838  per  cent: ;  December  28,  1879. 
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Soddy  coaly  on  the  line  of  the  Cinoinnati  Sonthem  Railroad : 

Peroent. 

Moistore 1.15 

Volatile  matter 27.82 

Fixed  carbon 64.39 

Aflh 6.64 

Total : 100.00 

Snlphnr,  0.501  per  cent. ;  color  of  ash,  pinkish ;  Norember  25,  1879. 

Stanley  coal,  below  Chattanoo^ra,  on  the  Tennessee  River: 

Per  oent. 

Moisture 1.36 

Volatile  matter 26.67 

Fixed  carbon / 61.76 

Ash 10.21 

Total 100.00 

Solphor,  0.533  per  cent. ;  color  of  ash,  gray ;  December  10,  1879. 

Victoria  coal,  from  the  mines  of  the  Sonthern  States  Coal  and  Iron  and  Land 
Company : 

Percent. 

Moisture 3.16 

VolatUe  matter 31.94 

Fixed  carbon 54.81 

Ash 10.09 

Total 100.00 

Snlphnr,  2.386  per  oent. ;  color  of  ash,  faint  pink  ;  November  25, 1880. 

Daisy  coal,  on  the  Cincinnati  Southern  Railroad : 

Peroent 

Moisture 2.74 

Volatile  matter 26.50 

Fixed  carbon 67.08 

Ash *. 3.68 

Total '  100.00 

Snlphnr,  0.907  per  cent. ;  color  of  ash,  reddish ;  December  23, 1880. 

Mr.  Morgan.  Have  you  made  any  analyses  of  coal  farther  down, 
towards  Birmingham  t 

Mr.  Dewey.  I  have  one  analysis  of  the  Ooosa  coal  which  I  can  ftir- 
nish  you : 

Coosa  coal : 

Peroent. 

Moisture 1.29 

Volatile  matter 28.87 

Fixed  carbon 67.01 

Ash 2.83 

Total 100.00 

Snlphnr,  0.62  per  oent. ;  phosphoros,  0.062  per  oent. ;  February  24, 1880. 

Glenmary  coal,  Tennessee: 

Percent 

Moistnre ^ • 1.66 

Volatile  matter 34.52 

Fixed  carbon 61.68 

Ash 2.14 

Total '. 100.00 

Snlphnr,  0.881  per  cent. ;  phosphoms,  0.019  per  oent. ;  color  of  ash,  faint  pinkisb  ; 
Aagust  20,  1880. 
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Heleuwood  Colliery,  Tenneeaee : 

Percent. 

Moisture 1.83 

Volatile  matter 41.29 

Fixed  carbon 54.24 

Ash ...: 2.64 

Total 100.00 

Jnne  16.  1881. 

Mr.  MosaAN.  In  the  Siomens  farnace,  what  proportion  of  the  fixed 
carbon  is  converted  into  heat  f 

Mr.  Dewey.  All  of  it  except  a  very  small  percentage — ^1  or  2  per 
cent,  which  remains  in  the  ash. 

Mr.  Morgan.  The  volatile  matter  is  of  coarse  converted  into  heatf 

Mr.  Dewey.  The  idea  of  the  Siemens  gas  prodacer  is  to  convert  the 
fixed  carbon  into  carbonic  oxide,  and  have  it  go  off  and  mix  with  the 
hydro-carbon  and  give  a  mixed  gas.  The  volatile  hydro-carbons  will 
go  off  in  the  top  of  the  producer,  while  the  fixed  carbon  will  become  oxi- 
dyzed  to  carbonic  oxide  as  it  descends  to  the  grate  bars. 

Mr.  Morgan.  In  the  Siemens  open-hearth  furnace,  Is  the  coal  better 
that  yields  a  large  amount  of  volatile  matter,  or  that  which  yields  a 
iage  amouut  of  fixed  carbon  t 

Mr.  Dewey.  A  large  amount  of  volatile  matter  will  give  a  gas  with 
higher  heating  power. 

Mr.  Morgan.  And  therefore  it  would  be  better  f 

Mr.  Dewey.  Yes,  sir ;  other  things  \mng  equal,  of  course. 

Mr.  Morgan.  You  give  the  amount  of  phosphorus  in  only  a  few  of 
these  coals.  Did  you  ever  find  any  in  any  of  the  other  Southern  coals 
that  you  have  analyzed  or  used  t 

Mr.  Dewey.  Yes,  sir ;  in  several.  In  the  coal  from  Soddy  I  found 
phosphorus,  0.025  per-cent.  In  the  coke  made  from  the  Sewanee  coal, 
used  at  the  Chattanooga  furnace,  I  found  phosphorus,  0.079  per  cent. 
In  the  coke  made  from  the  coal  used  at  Bockwood  I  found  phos- 
phorus, 0.049  per  cent. ;  0.074  per  cent,  in  a  second  sample ;  and  in  the 
^lato'of  Rockwood  coal  I  Icund  phosphorus,  0.416  per  cent. 

Mr.  Morgan.  That  would  show  that  the  slate  had  been  absorbing  it! 

Mr.  Dewey.  That  would  indicate  that  the  source  of  the  phosphorus 
was  in  the  slate. 

Mr.  Morgan.  Do  you  think  sot 

Mr.  Dewey.  Yes,  sir.  It  is  pretty  thoroughly  established  that  the 
general  source  of  the  sulphur  is  in  the  slate — the  home  of  it  really. 
These  determinations  of  phosphorus  in  the  Bockwood  coke  were  macle 
with  a  view  to  determine  whether  the  coke  would  be  improved  as  re- 
gards phosphorus  by  washing,  and  I  think  they  clearly  indicate  that  it 
would. 

Mr.  Morgan.  Washing  in  water t 

Mr.  Dewey.  Yes,  sir ;  it  is  the  ordinary  coal-washing  process,  which 
is  simply  to  remove  slate. 

Mr.  Morgan.  In  the  making  of  coke  would  you  expect  to  get  rid  of 
any  percentage  of  phosphorus  found  in  itt  % 

Mr.  Dewey.  None  at  all. 

Mr.  Morgan.  So  in  making  iron  from  coke  that  contained  phospho- 
rus would  you  expect  the  coke  to  give  up  its  phosphorus  to  the  iront 

Mr.  Dewey.  Yes,  sir.  The  general  principle  is  pretty  well  estab- 
lished that  whatever  phosphorus  goes  into  the.furnace  comes  out  in  the 
iron. 
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Mr.  MOR0AN.  Have  you  made  any  examination  of  the  limestones 
that  were  used  at  Chattanooga  t 

Mr.  Dbwey.  I  made  two  examinations  of  limestone  there  with  two 
different  objects  in  view.  The  first  was  to  determine  the  amount  of 
magnesia  present  in  them.    Would  you  like  to  have  thatt 

Mr.  Morgan.  Yes.    Please  to  give  it. 

Mr.  Dewey.  The  first  is  a  series  of  limestones  occurring  on  the  banks 
of  the  Tennessee  Biver  just  above  Chattanooga.  They  showed  carbon- 
ate of  magnesia,  10.62,  26.12, 14.35  per  cent. 

A  series  of  examinations  for  phosphorus  in  limestone  used  at  Boick- 
wood  showed  the  following  amounts : 

Phosphorus 0.016 

"  0.013 

"  0.011 

" trace. 

"  trace. 

"  0.013 

"  - 0.009 

"  : 0.024 

"  0.008 

" 0.011 

"  Blight  trace. 

"  trace. 

"  .'. 0.008 

Mr.  Morgan.  Are  the  coals  that  you  have  mentioned  above  free  from 
phosphorus,  except  those  that  you  have  designated  9 

Mr.  Dewey.  I  have  made  no  examination  of  them ;  I  cannot  say. 
The  Inference  would  be  that  they  would  contain  some  phosphorus. 
.  Mr.  MoBGAN.  Did  you  examine  any  coals  there  that  were  entirely  free 
from  phosphorus  f 

Mr.  Dewey.  I  did  not. 

Mr.  MoBGAN.  You  have  examined  limestones  that  were  entirely  free  t 

Mr.  Dewey.  Limestones  I  found  entirely  free  from  phosphorus. 

Mr.  MoBGAN.  Taking  all  the  facts  together  that  have  come  under 
your  observation,  would  you  say  that  a  steel  furnace  at  Chattanooga, 
supplied  with  ample  capital  and  plant  properly  constructed,  and  with  a 
good  market  would  likely  be  a  commercial  success  t 

Mr.  Dewey.  It  could  hardly  be  so  under  the  present  conditions. 

Mr.  MoBGAN.  You  mean  that  the  haul  would  be  so  great! 

Mr.  Dewey.  What  I  mean — is  this :  That  the  source  of  the  ore,  take 
first  the  magnetic  ores,  those  that  are  positively  developed  so  that  we 
know  anything  about  them — is  rather  too  far  away  from  Chatta- 
nooga. The  other  ores  which  I  have  mentioned  are  really  not  what 
could  be  called  developed.  I  have  no  means  of  saying  how  much  could 
be  mined.  In  saying  this,  of  course,  I  mean  in  regard  to  the  hauling, 
that  they  cannot  compete  with  other  concerns  already  started,  with  their 
source  of  supply  well  determined  and  under  control. 

jyir.  MoBGAN.  You  mean,  then,  that  they  cannot  compete  with  an  un- 
certain market,  a  merely  commercial  market  t 

Mr.  Dewey.  Yes,  sir ;  they  cannot  do  it.  I  mean  that  they  cannot 
compete  with  rails  at  Pittsburgh  at  (28  a  ton. 

Mr.  MoBGAN.  Now,  do  you  think  that  a  steel  plant  established  at 
Chattanooga,  if  there  was  sufficient  capital  and  other  necessary  appli- 
ances, would  be  able  to  Airnish  to  the  Government  of  the  United  States 
a  sufficiency  of  steel  for  making  ships,  engines,  and  guns  of  high  power  t 

Mr.  Dewey.  Yes,  sir.  It  could  be  done  if  it  were  properly  encour- 
aged. 

Mr.  MoBGAN.  Of  course  that  question  does  not  have  any  reference 
4953  OB 18 
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to  the  cost  of  the  steel  when  prodaced,  bat  it  is  only  a  question  as  to 
the  capability  of  the  country  to  furnish  the  material  t 

Mr.  Dbwey,  It  certainly  can  be  done. 

Mr.  MoBG AN.  I  believe  you  have  stated  that  your  examination  of  ores 
and  coals  and  fluxes  did  not  extend  into  the  State  of  Alabama,  except 
in  one  instance,  at  Ooosa  9 

Mr.  Dewey.  The  Goosa  coal  in  Alabama. 

Mr.  MoBaAN.  How  did  you  find  that  t 

Mr.  Dewey.  That  is  very  good  coal,  excellent  coal.  I  haVe  made  an 
analysis  of  coke  that  was  produced  near  Birmingham,  Ala.,  as  follows : 

PWMBt. 

Volatile  matter 16 

Ijlxed  carbon »3.01 

Aflh 6.83 

Total 100.00 

SalphoT 0.575 

Color  of  ash,  reddiah. 

Mr.  MoiiaAN.  You  say  that  is  very  good  ooket 
Mr.  Dewey.  It  is  a  very  good  coke.    It  is  comparatively  low  in  ash 
and  fair  in  siUphur. 
Mr.  Morgan.  Here  is  an  analysis  made  by  Mr.  Bjostedt : 

Ptro«Bt 

Fixed  carbon 92.39 

Ash 6.92 

Sulphur. 0.32 

Would  you  say  that  was  good  t 

Mr.  Dewey.  That  is  very  good. 

Mr.  MoBGAN.  This  coke  was  made  without  washing.  Here  is  an 
analysis  of  iron,  at  the  BrierAeld  Kail  Works,  by  Mr.  Begis  Ohauvenet 
and  Brother,  of  Saint  Louis : 

PeroMki. 

Silicon L89 

Phosphorus 0.197 

Mangauese 0.494 

Would  you  say  that  that  iron  was  suitable  for  making  steel  t 

Mr.  Dewey.  That  would  make  rail  steel  in  the  open-hearth  ftimace, 
but  it  would  not  make  a  high  grade  steel. 

Mr.  MoBaAN.  The  difficulty  is  the  phosphorus! 

Mr.  Dewey.  Yes,  sir. 

Mr.  MoBGAN.  Would  the  manganese  be  any  advantage! 

Mr.  Dewey.  That  would  not  amount  to  much  one  way  or  the  other, 
except  that  it  would  replace  so  much  iron. 

Mr.  MoBQAN.  I  wish  to  ask  you  in  relation  to  some  Oalifomia  ores, 
the  analyses  of  which  I  have  here.  These  are  ores  from  which  they  are 
making  steel  there  right  along. 

Magnetic  ore  7  milee  from  Folsom : 

Peroeni. 

Phosphoric  acid 032 

Silica  and  insoluhle  matter 3.690 

Oxide  of  iron 94.640 

Solphnr - traces. 

Copper none. 

Alumina,  moistorei  Ao 1.TJ8 

Total 100.000 

Metallic  iron 66.250 

Phosphorus 014 

Sulphur none. 
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How  would  that  do  for  steel  ore  9 

Mr.  Dewet.  That  is  first-class  steel  ore. 

Mr.  MoBaAN.  Do  yon  think  yoa  ever  saw  an  analysis  that  was  better 
for  steel  ore  f 

Mr.  Dewey.  No,  sir ;  I  do  not  think  I  have. 

Mr.  MoBOAN.  It  is  said  to  be  <^  extremely  pore  and  rich,  and  easily 
reduced.'' 

Brown  heumtlte  15  miles  from  San  Francisco : 

Peroent. 

Silica 11.490 

Phosphoric  acid 135 

Snlphnric  acid 400 

Oxide  of  iron 55.970 

Alumina,  moistore,  A^ : 32.005 

Total 100.000 

MetaUiciron .....^.    39.18 

Phoephoms 1.        .058 

Snlphnr 160 

What  would  you  say  for  that  as  a  steel-producing  ore  f 
Mr.  Dewey.  That  ore  alone  will  not  produce  steel.    It  could  easily 
be  mixed  with  the  foregoing  to  produce  steel. 
Mr.  MoBaAN.  Here  is  a  ^^  magnetic  ore  in  Sierra  Gounty  " 

Peroent. 

Oxide  of  iron 91.21 

Silica,  alomina,  Ap 6.32 

Snlphnric  acid 10 

Phosphoric  acid ..042 

Total 99.672 

MetaUiciron 63.63 

Snlphnr 04 

Phosphorus 018 

Is  that  a  good  steel oref 
Mr.  Dewey.  A  very  good  steel  ore. 

Mr.  MoBGAN.  Here  is  another  <<  magnetic  ore  in  Shasta  County,  near 
railroad :  ^ 

Peroent 

Insolnble  matter,  chiefly  silica 1.340 

Phosphoric  acid 029 

Snlphnric  acid 198 

Oxide  of  iron 94.440 

Moistnre 706 

Solnble  alnmina,  Ac 3.287 

Total 100.000 

MetalUciron 66.11 

Phosphorns 013 

Snlphnr 079 

What  is  your  opinion  on  that  ore  t 
Mr.  Dewey.  That  is  very  good,  too. 
Mr.  MoBGAi^.  He  says  it  is  <^  suitable  for  fine  steel." 
Mr.  Dewey.  Undoubtedly.    That  ore  is  more  than  suitable  for  a  high 
grade  of  steel. 
Mr.  MoBaAN.  That  you  call  a  very  excellent  Bessemer  ore  t 
Mr.  Dewey.  Very. 
Mr.  MosaAN.  I  will  give  you  another : 

Magnetite,  at  the  Jnnction  of  Pitt  and  McClond  rivers,  abont  13  miles  from  rail- 
road: 

Percent. 

SiUca 2.026 

Magnetic  oxide  of  iron 96.524 

41nBiina 1,36? 
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Lime 507 

MagDOBia 242 

Salpharic  acid trace. 

Phosphoric  acid 060 

Total 100.810 

Metallic  iron 69.807 

Sulphur trace. 

Phosphorus 086 

Mr.  Dewey.  That  is  good,  too. 
Mr.  Morgan.  Is  that  very  fine  oret 

Mr.  Dewet.  It  is  very  nearly  as  fine  as  the  other ;  not  quite  so  fine 
as  the  last  one,  bnt  very  good  steel  ore. 
Mr.  MoBOAN.  I  will  give  you  another: 

Magnetite,  on  line  of  Central  Pacific  Bailroad,  near  Pilot  Hill,  12  miles  from  Au- 
burn: 

Pereent. 

SUioa 3.950 

Mimetic  oxide  of  iron 94.411 

Oxide  of  manganese none. 

Alumina  1.041 

Lime 588 

Magnesia 255 

Sulphuric  acid ~  trace. 

Phosphoric  acid 067 

Total 100.312 

Metallic  iron '. 68.367 

Sulphur none. 

Phosphorus 029 

Mr.  Dewey.  That  is  a  good  steel  ore,  also. 

Mr.  MoEOAN.  He  marks  it  <'  a  high  grade  of  ore  and  suitable  for  mak- 
ing tihe  finest  steel.^  If  these  ores  exist  in  sufficient  quantities  then  you 
Would  say,  I  suppose,  that  California  rather  excelled  in  the  supply  of 
steel  ores  t 

Mr.  Dewet.  If  the  quantity  is  abundant,  certainly  so.  The  quality 
is  excellent  indeed. 

Mr.  MoBGAK.  I  will  ask  you  whether  it  does  not  require  a  higher 
grade  of  ore  to  make  Bessemer  steel  with  safety  than  it  does  open- 
hearth  or  crucible  steel  as  a  rule  t 

Mr.  Dewey.  Yes,  sir. 

Mr.  MoBQAN.  So  that  in  speaking  of  Bessemer  ores  you  apply  to  them 
really  the  highest  test  t 

Mr.  Dewey.  In  speaking  of  Bessemer  ores  I  mean  ores  carrying  60 
per  cent  of  iron  with  0.05  per  cent,  or  less  of  phosphorus. 

Mr.  MoBOAN.  And  in  a  metal  product  about  0.1  per  cent,  of  phos- 
phorus 9 

Mr.  Dewey.  Yes,  sir ;  about  one-tenth. 

Mr.  MoBGAN.  In  making  pig-iron  for  the  open-hearth  process  is  it 
possible  to  use  a  mixture  of  ores  highly  charged  with  phosphorus  and 
still  make  good  steel  t 

Mr.  Dewey.  Yes,  sir. 

Mr.  MoBOAN.  Plea«e  to  state  your  experience  in  the  removal  of  phos- 
phorus &om  the  pig  by  such  processes  as  you  have  used. 

Mr.  Dewey.  The  process  that  was  used  at  Chattanooga  for  the  re- 
moval of  phosphorus  from  pig-iron,  previous  to  its  use  in  the  open-hearth 
furnace,  in  order  to  make  a  pig  high  in  phosphorus  suitable  for  steel 
making,  was  what  is  now  known  as  the  Krupp  washing  process,  which 
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consists  in  washing  pig-iron  in  a  bath  of  molten  iron  ore.  Experiments 
were  commenced  in  Chattanooga  by  my  predecessor  previons  to  the  ap- 
plication for  a  patent  in  this  country  apon  the  Krupp  process,  but  they 
were  not  carried  far  enoagh  to  warrant  the  application  for  a  patent  by 
him.  In  these  experiments  an  ordinary  pnddle  furnace,  such  as  is  used 
in  the  manufacture  of  wrought  iron,  was  used.  The  bottom  of  the  fur- 
nace was  prepcured  by  being  coated  with  a  layer  of  the  most  refractory 
iron  ore  obtainable  (Iron  Mountain,  Missouri,  ore).  The  pig-iron,  pre- 
viously melted  in  a  cupola,  was  then  run  into  this  furnace  and  rich  iron 
ore  thrown  in  upon  it  from  a  shovel.  The  bath  of  iron  was  then  worked 
with  a  rabble.  The  rabbling  was  continued  as  long  as  it  was  thought 
XK>ssible  to  keep  the  bath  melted ;  that  is,  just  as  long  as  it  was  possible 
to  keep  the  iron  in  the  furnace  and  not  have  it  ^^  come  to  nature.''  Ex- 
periments carried  on  by  Mr.  Caldwell  yielded  the  following  results : 

Pig  iron  containing  6.23  of  phosphorus  produced  a  refined  metal  with 
0.03  phosphorus ;  pig-iron  containing  0.9  of  phosphorus  gave  a  refined 
metal  with  0.20 ;  pig-iron  containing  0.90  of  phosphorus  gave  a  wrought- 
iron  with  0.027  of  phosphorus ;  showing  a  reduction  from  0.90  to  0.03 ; 
pig-iron  containing  0.88  gave  a  refined  metal  with  0.18  per  cent.  These 
results  were  very  satisfactory. 

Mr.  MoRaA^.  What  ores  were  used  in  this  treatment! 

Mr.  Dewey.  I  think  the  ore  was  the  ordinary  fossil  ore  of  the  region  j 
the  ore  itself  carrying  about  0.5  per  cent,  of  phosphorus. 

Mr.  MORaAN.  That  is  pretty  high,  is  it  not  t 

Mr.  Dewbt.  That  is  about  the  average  of  the  fossil  ores;  from  0.4 
to  0.6. 

Mr.  MoBaAN.  What  further  experiments  were  made  in  this  direction  t 

Mr.  Dewet.  After  I  went  to  Chattanooga  this  same  process  was  car- 
ried on,  but  with  a  different  character  of  pig.  The  company  had  on 
hand  some  1,200  or  1,500  tons  of  pig  carrying  about  from  0.27  to  0.35  of 
phosphorus,  and  from  3  to  4.5  per  cent  of  silicon.  On  attempting  to 
refine  this  metal  by  the  same  process  it  was  found  that  the  excess  of 
silicon  greatly  interfered  vnth  the  removal  of  phosphorus.  Neverthe- 
less, a  small  amount  of  phosphorus  was  removed  in  every  instance. 
The  silicon  was  generally  brought  down  to  about  1  per  cent.,  and  the 
phosphorus  to  less  than  0.2  per  cent.  Other  experiments  tried  upon  the 
ordinary  pig-iron  of  the  region  showed  an  elimination  of  phosphorus 
amounting  in  some  instances  to  90  per  cent,  of  the  phosphorus  origin- 
ally present.  This  process  has  since  been  developed  at  the  Krupp  works 
and  is  carried  on  very  successfully  there. 

Mr.  MosaAN.  Give  some  description  of  the  Krupp  process. 

Mr.  Dewey.  The  development  of  this  process  at  the  Krupp  works 
has  been  under  the  charge  of  Messrs.  Bender  &  Karges,  and  after  a 
long  series  of  experiments  they  describe  the  essentials  of  the  process  as 
follows :  The  furnace  used  is  a  Pemot  revolving  hearth  supplied  with 
regenerative  gas  chambers.  The  bottom  and  sides  of  the  hearth  are 
lined  with  the  most  refractory  iron  ore  obtainable,  varying  in  thickness 
from  9  to  13  inches.  The  bottom  is  made  up  by  roughly  fitting  the 
lumps  together  and  filling  in  the  spaces  with  fine  ore,  which  is  after- 
wards melted  and  completely  cements  the  lumps.  About  20  per  cent, 
in  weight  of  the  pig-iron  charge  of  rich  iron  ore  is  required  to 
repair  the  furnace  after  a  charge  has  been  run  through.  It  is  re- 
garded as  necessary  that  the  pig-iron  used  should  contain  at  least  0.3 
per  cent,  of  manganese,  while  1  per  cent,  is  regarded  as  preferable. 
Garbon  should  be  as  high  as  possible,  from  2.5  to  3  per  cent.  Silicon 
should  be  as  low  as  possible,  high  silicon  necessitating  the  addition  of 
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lime  for  its  removal.  For  steel  purposes  pig-iroDS  contaimng  firom  0.7  to 
0.8  per  cent,  of  phosphorus  are  generally  amd,  the  phosphorus  being  re- 
duced to  from  0.1  to  0.16  per  cent.  The  pig-iron  is  melted  in  a  cupola  and 
run  into  the  hearth,  which  is  then  revolved  about  eleven  turns  per  minute, 
and  in  about  five  to  ten  minutes  the  washing  is  concluded.  Phoenix  pig. 
containing  0.74  per  cent  of  phosphorus,  was  reduced  in  seven  minutes' 
washing  to  0.106.  Eleven  thousand  pounds  of  this  refined  metal  mixed 
with  1,6M  pounds  of  steel  turnings,  and  108  pounds  of  60  per  cent,  ferro- 
manganese  gave  a  steel  plate  showing : 

Fwoeni. 

Carbon 0.10 

Silicon 0.085 

Phoflphonu 0.061 

Sulphur 0.03 

Manganese 0.194 

Copper *. 0.11 

(The  copper  comes  from  tne  Phcsnix  pig.)  It  had  a  tenacity  of  26.87 
tons  lengtiiwiscy  crosswise  26.20;  elongation,  lengthwise,  29  to  31^  per 
cent,  'y  elongation,  crosswise^  26^  per  cent 

Mr.  MOBGAN.  That  is  about  60,000  pounds  t 

Mr.DEWET.  Ye&sir.  Here  are  some  more  which  are  puddled.  Ilsede 
pig;  raw  pig  2.92  phosphorus,  refined  pig  0.06  and  0.90;  puddled  bar 
0.088  phosphorus.  That  is  a  puddled  bar  containing  less  than  0.1  of 
phosphorus  from  a  pig  containing  nearly  3  per  cent.  That  shows  a  great 
change.    That,  I  sappose,  is  all  that  is  necessary  to  give  of  that. 

Mr.  MoBaAN.  What  is  regarded  as  the  essential  composition  aside 
from  phosphorus  f 

Mr.  Dewet.  In  this  process  it  has  been  established  by  the  experi- 
ments at  Ejrupp's  works  that  the  best  conditions  for  the  dimination  of 
phosphorus  are  that  the  pig  contain  as  small  an  amount  of  silicon  as 
possible,  from  2  to  3  per  cent,  of  carbon  and  about  1  per  cent  of  man- 
ganese.   They  regard  these  conditions  as  being  quite  essentiaL 

Mr.  MoBOAN.  What  becomes  of  the  phosphorus  in  this  process! 

Mr.  Dewey.  The  phosphorus  goes  into  the  slag  formed  from  iron  ore: 
the  pig-iron  is  melted  and  transferred  to  the  furnace,  which  is  fettled 
with  iron  ore;  it  is  then  treated  with  iron  ore,  yrhich  forms  a  slag  which 
oxidizes  the  phosphorus  and  gives  a  slag  containing  phosphate.  The 
temperature  is  kept  as  low  as  convenient.  I  spoke  just  now  of  man- 
ganese. They  regard  1  per  cent,  of  manganese  as  being  absolutely  essen- 
tial. The  reason  of  that  is  that  the  manganese  protects  the  carbon. 
In  working  this  process  it  is  essential  that  the  bath  of  pig-iron  should 
not  be  allowed  to  <^come  to  nature,"  that  it  should  be  kept  fluid.  The 
minute  it  begins  to  become  wrought  iron  it  becomes  pasty;  then  the 
difficulties  of  removing  it  from  the  furnace  become  very  great  When 
there  is  1  per  cent,  of  manganese  the  carbon  is  retained  by  the  pig  long 
enough  to  give  sufficient  time  for  the  iron  oxide  to  react  upon  the  phos- 
phoras  and  take  it  up. 

Mr.  MOB0AN.  So  that  phosphorus  after  all  has  a  greater  affinity  for 
iron  oxide  than  metallic  iron! 

Mr.  Dewey.  Yes,  sir;  at  that  temperature.  As  far  as  that  goes  it 
has  been  known  for  a  long  time  that  it  was  a  question  of  temperature;  in 
fact  in  the  puddle  furnace  there  are  times  when  the  bath  iron  contains 
far  less  phosphorus  than  the  finished  iron.  In  other  words,  the  phos- 
phorus goes  firom  the  bath  into  the  slag,  and  towards  the  end  it  goes  back 
into  the  iron  again  owing  to  the  increase  of  temperature  necessary  during 
the  balling  piocess. 
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Mr.  MoBGAN.  Then  in  making  steel  with  any  ordinary  or  average 
ores  I  suppose  you  conclude  that  the  results  are  dependeat  very  largely 
uiK>n  manipulation  t 

Mr.  DBTraY.  Entirely  so. 

Mr.  MoBaAN.  But  when  you  have  ores  that  are  low  in  phosphorus 
and  sulphur,  even  an  unskilled  steel-maker  would  be  apt  to  produce  a 
good  article  t 

Mr.  Dewet.  Yes,  sir ;  the  only  thing  in  regard  to  the  other  ores  is 
that  it  costs  a  little.  The  washing,  of  course,  costs  something.  First- 
class  steel  ore  when  converted  into  pig  will  cost  so  much,  ordinary  ores 
will  cost  so  much,  and  it  will  cost  so  much  to  wash  ordinary  pig.  Now, 
will  those  two  sums  be  greater  than  what  first-class  pig  will  cost,  is  the 
question  to  be  considered  from  the  commercial  standpoint. 

Mr.  MosaAN.  But  not  from  the  standpoint  of  your  capability  of  mak- 
ing steel  fix>m  the  average  ores  t 

Mr.  Dewey.  Not  at  all.  It  seems  to  me  that  the  process  of  washing 
pig  in  the  bath  of  iron  ore  is  one  capable  of  very  large  and  economical 
development,  and  one  that  is  the  most  applicable  to  the  subject  you 
have  in  hand. 

Mr.  MoBGAN.  Where  ores  abound  and  are  very  cheap  the  expense  of 
washing  pig  would  be  comparatively  small  t 

Mr.  Dewey.  Yes,  sir. 

Mr.  MoBGAN.  So  that  what  we  call  the  Krupp  process  of  washing  is 
available  and  economical  in  countries  where  ores  abound  and  where  the 
haul  is  short  t 

Mr.  Dewey.  Yes,  sir. 

Mr.  MoBGAN.  Have  you  tried  any  other  process  of  dephosphorizing 
metals  or  ores  t 

Mr.  Dewey.  That  is  the  only  one  I  have  ever  tried.  I  am  familiar 
with  the  Bessemer  basic  process  from  reading. 

Mr.  MoBGAN.  What  advantage  do  you  think  the  basic  process  has 
over  the  Krupp  process  in  point  of  economy  t 

Mr.  Dewey.  You  cannot  really  compare  the  two,  because  the  pro- 
duct from  the  Krupp  process  is  not  suitable  for  Bessemerizing,  and  is 
only  suitable  for  open-hearth  work,  because  in  order  to  be  successful 
the  silicon  must  be  kept  low. 

Mr.  MoBGAN.  And  in  the  Bessemer  process  you  need  the  silicon  to 
keep  up  the  heat  t 

Mr.  Dewey.  Yes,  sir ;  that  is  the  ordinary  acid  process.  In  the  basic 
converter  the  silicon  is  replaced  by  phosphorus,  the  silicon  is  kept  as 
low  as  convenient  to  run  the  phosphorus  up;  the  reason  being  that  the 
slag  that  is  formed  in  the  converter  will  not  take  up  much  phosphorus 
after  the  percentage  of  silica  gets  above  20.  If  the  silica  is  kept  down 
then  larger  amounts  of  phosphorus  will  go  into  the  slag.  In  order  to 
keep  the  silica  low  it  is  necessary  to  line  the  converter  with  basic  ma- 
terial— magnesian  lime— and,  if  necessary,  to  add  lime  during  the  blow. 
Sometimes  iron  ore  is  added  during  the  blow.  The  slag  is  essenMally 
a  phosphate  and  not  a  silicate.^  A  large  amount  of  phosphorus  is  eco- 
nomically removed  in  that  way.  The  only  direct  experience  I  have  had 
with  this  process  is  the  fact  that  a  large  amount  of  blooms  made  in  En- 
gland by  this  process  were  rolled  into  rails  at  Ohattanooga. 

Mr.  MoBGAN.  Please  describe  the  difference  between  the  basic  and 
acid  processes  as  used  by  the  Bessemer  converter. 

Mr.  Dewey.  The  acid  process  derives  its  name  from  the  fact  that  the 
converter  is  lined  with  what  is  called  ganister— a  form  of  quartz  which 
is  an  acid.    The  slag  which  is  produced  is  an  acid,  silicate  of  iron  and 
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manganese,  the  iron  and  manganese  coming  firom  the  oxidization  of  the 
metal.  Bat  in  the  basic  converter  the  lining  of  the  vessel  is  magnesian 
lime  and  the  slag  is  essentially  a  phosphate  of  lime  and  magnesia  con- 
taining iron  and  manganese  also ;  a  small  amonnt  of  silicate  coming 
from  the  oxidization  of  the  silicon  in  the  metal  is  also  formed. 

Mr.  MoBGAN.  In  either  case  the  converter  is  to  be  prepu^ed  before 
every  charge  is  carried  t 

Mr.  Dewey.  Yes,  sir. 

Mr.  MoBQAN.  And  in  using  the  Ejmpp  process  in  the  open-hearth 
fhmace  you  would  only  be  required  to  make  the  preparation  by  lining  f 

Mr.  Dewey.  You  would  have  to  properly  prepare  the  bottom  of  your 
furnace. 

Mr.  MoBGAN.  I  know,  in  that  case. 

Mr.  Dewey.  You  do  not  mean  in  the  repairs  of  the  vessel.  They  are 
not  as  great,  as  a  general  thing,  as  they  are  in  the  open  hearth.  The 
greatest  wear  in  a  vessel  converter  is  on  the  bottom.  That  is  why  the 
bottoms  are  always  removed  for  repairs. 


LETTEB  FBOM  THE  ALBAHT  AHD  BEHSSELAEB  IBOH  AHD  STEEL 

COMPAHT. 

Teoy,  N.  Y.,  August  7, 1884. 

Oeijltlemen  :  Owing  to  your  circular  of  July  16, 1884,  not  reaching 
us  until  a  day  or  two  ago,  we  have  been  unable  to  address  you  at  any 
earlier  date.  It  may  now  be  too  late  to  meet  your  wishes,  but  we  think 
it  due  to  ourselves  and  to  the  interests  of  this  section  of  the  country  to 
address  you. 

While  this  company  has  not  a  plant  for  the  manufacture  of  either 
steel  guns  or  armor — and  in  fact,  as  far  as  our  knowledge  goes,  no  such 
complete  plant  exists  in  this  country — at  the  same  time  we  have  a  ca- 
pacity for  making  2,600  tons  of  Bessemer  steel  per  week.  The  putting 
down  of  a  suitable  plant  for  the  manipulation  of  this  into  other  forms 
than  those  embraced  by  our  present  rolling-mills  would  depend  entirely 
upon  the  encouragement  given  for  such  an  investment. 

As  you  know,  our  Bessemer  plant  was  the  first  one  erected  in  this 
country,  and  from  its  start  has  been  a  school  for  the  development  of 
the  pneumatic  process.  We  thii^  we  do  not  go  too  far  in  claiming  that 
we  are  recognized  as  the  leaders  in  the  making  of  special  steels  in  this 
country.  We  feel  that,  at  our  works,  the  state  of  the  art  is  at  least  as 
high  as  at  any  Bessemer  steel  works  in  the  world. 

In  this  connection  we  would  call  your  attention  to  the  fact  that, 
abroad,  Bessemer  steels  are  used  for  many  purposes  unknown  to  many 
Americans,  and  among  them,  guns  and  ship-plates.  Bessemer  steel 
can  be  made  more  uniform  than  .is  possible  by  the  open  hearth — or 
Siemens-Martin — ^process. 

Our  situation  upon  tide-water,  and  within  so  short  a  distance  of  the 
commercial  center  of  the  United  States,  would  seem  to  indicate  that  no 
better  site  could  be  selected  for  Government  wopk. 

At  the  same  time  the  Hudson  Eiver  is  so  easily  defensible  that,  in 
case  of  foreign  war,  the  works  would  be  comparatively  safe. 

As  is  well  known,  the  iron  ores  of  the  Lake  Champlain  region  are 
among  the  purest  known  in  America;  and,  with  so  many  competing 
lines  of  transportation,  can  be  cheaply  brought  to  meet  the  fuel  from 
Pennsylvania,  as  well  as  other  ores  from  the  South,  and  even  from  for- 
eign countries.  The  upper  Hudson  presents  geographical  features  sec- 
ond to  none  for  the  establishment  of  either  ship-yards  or  ordnance  foun- 
dries. And  with  a  United  States  Army  depot  located  at  Troy,  com- 
bined with  its  many  industrial  advantages,  it  would  seem  to  be  a  particu- 
larly suitable  point  for  the  execution  of  Government  work. 

Any  &cilities  which  may  be  in  our  power  to  extend  to  your  commit- 
tee in  their  investigations  will  be  freely  rendered,  and  we  should  be 
happy  to  receive  a  visit  from  you,  when  we  could  more  fnlly  impress 
you  with  the  merits  of  oar  locality. 
I  remain,  yours  truly, 

BOBEBT  W.  HUNT, 

Superintendent 

To.  the  Select  Oommittee^  Ac. 
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STATEMENT   OF  MB.    JOHN  FRITZ, 

Bbthlbhem,  Pa.,  FdMruary  12, 1885. 

The  Ohairman.  Please  state  yoar  name  and  present  position. 

Mr.  Fbitz.  John  Fritz;  superintendent  of  the  Bethlehem  Iron  Com- 
pany of  Bethlehem,  Pa. 

The  Ohatuman.  Of  T^hat  scientific  association  are  you  a  member,  and 
what  statistics  have  you  prepared  on  the  subject  this  committee  is  in- 
vestigating t 

Mr.  Fbitz.  American  Society  of  Mechanical  Engineers  and  Institute 
of  Mining  Engineers. 

The  Ohaibman.  Please  give  your  age,  and  your  practical  experience 
in  connection  with  said  subject. 

Mr.  Fbitz.  Sixty- two  years.  Have  been  active  in  the  practical  man- 
ufacture of  iron  and  steel  for  the  past  forty  years.  Have  idso  in  the  last 
few  years  visited  and  examined  all  of  the  principal  steel  works  abroad, 
including  those  at  Essen. 

The  Ohaibhaiv.  Please  give  a  general  description  of  the  iron  and 
steel  furnaces,  foundries,  and  miUs  worked  by  the  Bethlehem  Iron 
Company,  the  number  of  operatives  necessary  to  carry  on  the  work,  and 
the  amount  of  capital  invested. 

Mr.  Fbitz.  The  entire  plant  has  been  erected  from  designs  made  here, 
and  the  machinery,  engines,  roofs.  &c.,  have  been  built,  with  few  excep- 
tions, in  the  machine  shops  and  loundry  of  the  works.  The  buildings 
are  of  hard  gray  sandstone  from  adjacent  quarries,  and  the  roofs,  cov- 
ering several  acres,  are  of  slate  from  the  vicinity.  These  works,  fix)m 
an  early  period  of  their  existence,  have  commanded  the  attention  and 
interest  of  iron  and  steel  men  both  at  home  and  abroad,  and  present  an 
unbroken  record  of  advance.  Here  may  be  found  the  birthplace  of 
many  devices  and  many  methods  now  incorporated  in  the  general  man- 
ufacture of  iron  and  steel.  It  was  of  these  works  that  the  late  Alex- 
ander L.  Holly  said:  ^<  I  never  come  but  that  I  go  away  with  something 
good.'^ 

Blast  furna4)e8. — The  company  are  now  working  eight  anthracite  blast 
furnaces.    The  principal  dimensions  of  these  furnaces  are : 


Fnnaoe. 

Height 

Bosh. 

HMrth. 

Ko,  1 

82 
70 
60 
70 
70 
70 
70 
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18 
17 
18 
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17 
10 
18 

FLin.  JtJn. 
8    8by  7     8 

Ko.  8 

No.  8 

7  Oby  8     0 

8  8by  7  4 
8    8by  8    10 

10  8by  8  8 
8  8byl0  0 
8   8by  8     0 

Ko.  4 

No.  6 

No.  8 

No.  7 

No.  8 
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The  eiglit  fbrnaces  now  working  are  mn  exdnsively  on  Bessemer  pig. 
The  weekly  yield  averages  3,000  tons.  The  weekly  yield  per  fomace  is 
as  follows: 


FnniMe. 

PndneU. 

FmnMe. 

PiDdaoto. 

Ko.1 

Am. 
260 
600 

200 
400 

No.6 

K«.« 

Tom, 

600 

Ko.2 

600 

Nol8 

Ko.7 

860 

210.4 

Ka.8 

800 

Fnmaces  'Soa.  2  and  5  have  made  as  much  as  600  tons  each  week  for 
weeks  together.  A  choice  variety  of  ores  from  the  most  celebrated 
mines  at  home  and  abroad  enables  these  works  to  manufactore  Bessemer 
metal  of  very  saperior  qaality. 

The  Bethlehem  Iron  Company's  furnaces  are  also  widely  known  for 
their  excellent  foundry  iron.  Those  who  are  familiar  with  the  difficul- 
ties of  working  anthracite  furnaces  will  appreciate  the  manner  in  which 
the  Bethlehem  furnaces  are  run,  when  it  is  stated  that  the  No.  1  furnace 
was  run  for  seven  years  without  blowing  out,  and  made  70,000  tons  of 
pig  iron  on  one  lining. 

The  horizontal  compouud  blowing  engines  embrace  some  novelties  of 
arrangement  which  the  results  fully  justify.  These  engines  work  at 
high  speed  and  under  high  pressure  witti  a  degree  of  smoothness  and 
noiselessness  which  are  rarely  observed  in  a  blowing  engine.  A  strong 
feature  in  these  engines,  and  one  now  generally  recognized  by  the  blast- 
furnace engineers,  is  the  capacity  of  blowing  as  high  a  pressure  as  20 
pounds  of  air  j  this  pressure  sometimes  being  necessary  to  save  the  fur- 
nace and  obviate  expensive  delays. 

Furnaces  Nos.  1,  2.  4,  5,  and  6  are  situated  in  a  straight  line,  running 
parallel  with  the  Lenigh  Valley  Bailroad,  and  arranged  to  deliver  the 
melted  iron  direct  to  steel  works.  The  stock- house,  placed  as  near  the 
fdrnaces  as  convenience  will  permit,  is  a  continuous  building,  running 
parallel  with  the  line  of  furnaces  and  to  their  full  extent. 

The  cast-house  of  each  furnace  is  at  a  right  angle,  and  forms  a  wing 
to  the  stock-house.  The  stock-house  is  61  feet  wide,  and  a  double  track 
runs  the  length  of  the  building  on  trestles  12  feet  aoove  the  floor  level. 
The  stock-house  floor  is  divid^  off  into  spaces  on  each  side,  and  a  cen- 
tral aisle  renders  all  parts  accessible.  The  spaces  intervening  between 
the  casthouses  are  used  for  cinder  yar^s  on  one  side,  and  on  the  other 
are  located  the  boilers  and  hot- blast  stoves.  Nos.  2  and  6  are  supplied 
with  the  Siemens,  Gowper,  Oochrane  fire-brick  stove,  and  have  been 
giving  good  results  and  entire  satisfaction.  The  engine-house,  sepa- 
rated from  the  furnaces  by  the  stock-house,  is  a  massive  stone  building, 
60  X  327  feet,  erected  with  the  special  view  of  protecting  the  blowing 
machinery  fh)m  the  dust  and  dirt  of  the  furnaces.  It  contains  six  hori- 
zontal blowing  engines.  Four  are  compound j  steam  cylinders,  high 
pressure  30  inches  diameter,  low  pressure  54  inches  diameter,  80-inch 
stroke;  blowing  cylinder  80  x  80  inches.  The  other  two  engines  are 
single,  condensing;  steam  cylinder  54  x  80  inches,  blowing  cylinder 
80  X  80  inches. 

Furnace  Ko.  3  stands  several  hundred  yards  below  the  furnaces  just 
described,  and  on  the  other  side  of  the  Lehigh  Valley  Eailroad.  Fur- 
nace No.  Y  is  located  at  Bingen,  a  station  on  the  North  Pennsylvania 
Bailroad,  about  6  miles  from  Bethlehem.  This  furnace  was  bought 
from  the  North  Pennsylvania  Iron  Company  in  March,  1879,  and  has 
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been  ran  continaously  since.  Furnace  No.  8  is  on  the  line  of  the  Lehigh 
Valley  Bailroad,  about  2  miles  below  the  works,  and  is  held  ander  a 
lease  from  the  Northampton  Iron  Company,  as  before  stated. 

Shops. — The  machine  shop,  a  stone  structure  (253  by  64),  and  tiie 
foundry  (107  by  64),  also  of  stone,  and  forming  an  L  wiUi  the  machine 
shop,  were  completed  in  1868.  They  lie  just  above  the  line  of  furnaces 
described,  and  on  the  same  side  of  the  railroad.  An  addition  has  been 
made  in  brick  to  the  foundry  for  core- making.  A  forge  shop  of  brick, 
with  iron  and  slate  roof,  joins  the  machine  shop  with  the  iron  mill.  The 
equipment  of  these  shops  is  complete  for  the  nature  of  the  work  hand- 
led. The  foundry  is  supplied  with  two  cupolas  and  three  powerful 
cranes.  Castings  of  20  and  25  tons  are  often  turned  out.  In  the  ma- 
chine shop  are  many  heavy  tools ;  two  large  iron  planers  of  William 
Sellers  &  Co.,  the  larger  being  the  120-inch  planer  exhibited  at  the  Cen- 
tennial by  the  above  firm ;  two  large  universal  drills  of  Bement  &  Sons, 
the  larger  having  a  span  of  14  feet ;  a  large  boring  mill  built  in  the 
shop ;  three  heavy  roll-lathes  complete  the  list  of  heavy  machinery,  in 
addition  to  which  are  many  lighter  tools.  The  forge- shop  is  supplied 
with  10  forges  and  a  double  acting  steam  hammer. 

Iran  mill, — This  mill  is  furnished  with  fourteen  double  puddling  fur- 
naces and  nine  heating  furnaces.  These  furnaces  are  set  with  boilers 
supplying  steam  to  the  mill.  There  is  a  21-inch  puddle  train,  rail  train, 
and  merchant  train.  The  puddle  train  and  rail  train  were  formerly 
supplied  with  duplicate  engines,  40  inches  diameter  by  32-inch  stroke. 

During  the  age  of  the  iron  rail  this  mill,  on  a  21-inch  rail  train,  turned 
out  per  year  21,000  tons  of  rails  on  a  single  turn,  as  tops  and  bottoms 
were  rolled  on  the  night  turn. 

With  the  advent  of  the  steel  rail  this  train  was  altered  to  22  inches  and 
a  44  by  44-inch  Porter- Allen  engine  substituted.  The  merchant  train  is 
run  on  both  iron  and  steel.  This  mill  now  turns  out  about  1,500  tons 
of  iron  and  from  3,000  to  4,000  tons  of  steel  per  month. 

Steel  worJcs. — ^The  steel  works  were  commenced  in  1870,  and  were 
completed  in  1873.  The  first  heat  was  blown  October  4,  and  the  first 
rail  rolled  October  18,  of  that  year.  In  1874  the  spiegeleisen  furnace 
was  built.    The  company  is  now  turning  out  spiegel  of  high  quality. 

Steel  mill — ^This  mill  is  a  large  and  massive  stone  structure,  having 
numerous  and  uniform  arched  openings  in  its  sides,  and  an  iron  and 
slate  roof  with  a  continuous  lantern.  The  total  length  of  the  nave  is 
931  feet,  and  its  width  is  111  feet.  The  transepts  are  also  111  feet 
wide,  and  their  total  length,  including  the  crossing  of  the  nave,  is  386 
feet.  The  clear  height  is  29  feet.  This  building  runs  longitudinally  east 
and  west,  parallel  with  the  Lehigh  Valley  Kailroad,  and  lies  on  the  oppo- 
site side  of  the  track  f?om  the  rest  of  the  works.  In  the  eastern  or  upper 
portion  of  the  mill  is  located  the  converting  department,  consisting  of 
four  8-ton  vessels.  These  vessels  are  arranged  in  a  straight  line  across 
the  mill,  an  iron  platform  supported  on  cast-iron  columns  surrounding 
them.  Back  of  the  vessels  stand  the  iron  and  spiegel  cupolas;  they 
are  supplied  with  double  platforms,  one  above  the  other,  commonly 
called  the  charging  and  tapping  floors.  These  floors  communicate 
with  the  vessel  platform  and  with  each  other  by  means  of  iron  stairs. 
Three  vessels  are  worked  alternately,  while  one  is  off  for  repairs;  the 
iron  cupolas  are  run  four  on  and  four  off;  the  spiegel  cupolas  are  run 
two  on  and  two  ofi'.  This  method  of  working  facilitates  repairs  and 
prevents  the  necessity  of  any  excessive  repairing  or  protracted  delays. 
The  vessels  are  wrought  iron  shells.  8  feet  in  diameter;  the  body  is 
completely  lined  with  natural  stones  of  mica  schist,  roughly  hewn  to 
shape,  and  the  nose  is  lined  with  fire-brick.    A  vast  number  of  experi- 
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meDts  were  tried  before  a  natural  stone  could  be  found  that  would  not 
either  flake  off  under  the  heat  of  glazing  or  become  rapidly  denuded; 
the  excellence  of  this  stone  depends  on  its  mechanical  structure,  which 
of  course  is  a  thing  hardly  capable  of  description.  Excepting  some  not 
expensive  repairs  to  the  nose,  one  of  these  linings  is  good  for  30,000 
tons  of  ingots.  In  the  old  plant  54,000  tons  were  made  on  the  linings 
of  the  two  vessels  without  the  removal  of  any  stones  excepting  in  the 
nose  and  a  few  at  the  bottom  joint.  The  vessel  bottoms  have  17  fire-brick 
tuyeres,  with  12  holes,  three-eighth  inch  each.  Between  the  tuyeres 
are  set  on  end  bricks  like  the  blast-furnace  lining  brick,  as  near  together 
as  they  will  stand.  The  small  spaces  left  between  the  bricks  and 
tuyeres  are  rammed  with  ordinary  gannister  bottom  stuff,  and  so  small 
is  the  total  quantity  of  water  in  the  bottom  that  it  needs  oven-drying 
only  four  hours;  the  bottoms  stand  12  to  14  heats  quite  uniformly. 

The  Spiegel  cupola  has  a  maximum  internal  diameter  of  30  inches; 
diameter  at  tuyeres,  20  inches ;  there  are  four  tuyeres  4  inches  in  diam- 
eter. This  cupola  is  run  with  coke  exclusively,  and  otherwise  like  the 
large  cupolas.  The  output  of  the  converting  department  averages  4,000 
tons  of  ingots  per  week  of  eleven  shifts ;  the  plant  has  been  worked  at 
a  higher  rate  of  production.  The  heats  of  ingots  run  from  7  to  8  tons, 
according  to  the  weight  of  rail.  Fourteen-inch  ingots  are  bloomed 
down  to  7  inches  square,  and  cut  into  single-rail  blooms  for  the  rail  mill. 
The  stock,  ladles,  molten  metal,  ingots,  &c.,  are  moved  by  a  system  of 
narrow-gauge  tracks.  This  system,  by  means  of  frequent  turn-tables, 
hydraulic  lifts,  and  three-way  switches,  offers  a  complete  and  convenient 
conveyance.  The  casting-pits  and  handling  floor  are  under  complete 
command,  with  a  systematic  arrangement  of  hydraulic  cranes. 

The  blowing  machinery  is  located  in  the  upper  transept,  next  the  rail- 
road. There  are  two  Bessemer  blowing  engines  of  the  following  dimen- 
sions: The  smaller  has  two  steam  cylinders,  36  by  60  inches,  coupled 
direct  with  two  blowing  tubs,  48  by  60  inches.  The  blowing  tubs  are 
placed  back  of  the  steam  cylinders  and  on  the  same  bed-plate;  the 
steam  cylinders  are  coupled  on  their  forward  eu^  through  cross-heads 
and  connecting  rods  to  a  fly-wheel  shaft,  whose  cranks  stand  at  right 
angles.  The  larger  engine  has  two  steam  cylinders,  56  by  66  inches, 
and  two  blowing  tubs,  60  by  66  inches,  arranged  like  the  smaller.  The 
smaller  was  the  original  engiue,  but  proving  inadequate  to  the  demands 
of  the  increased  plant,  it  has  been  substituted  by  one  more  powerful,  and 
is  now  used  as  a  reserve  or  emergency  engine.  The  large  blowing  en- 
gine, running  with  50  pounds  of  steam,  is  capable  of  maintaining  a  blast 
pressure  of  40  pounds  of  air.  The  cupola  blast  is  obtained  from  four 
Ko.  li  Baker  blowers,  coupled  direct  to  the  shaft  of  a  compound  engine, 
running  90  revolutions. 

The  blast  pressure  at  the  blowers  is  1^  pounds,  and  12  ounces  at  the 
tuyeres.  Another  compound  engine,  directly  coupled  with  four  blowing 
tubs^s  kept  in  reserve  for  the  cupolas. 

A  Worthington  duplex  and  two  Worthington  compound-duplex  pumps 
are  also  located  in  this  transept,  and  supply  a  water  pressure  of  300 
pounds  to  the  square  inch,  for  the  operation  of  cranes,  hoists,  &c. 

In  the  opposite  transept  are  two  Pemot  furnaces,  with  their  accompa- 
niments. Just  outside  this  transept  is  the  ladle-house,  supplied  with 
a  number  of  short  tracks  and  turn-tables.  The  freshly  lined  ladles  are 
placed  on  cars  and  run  into  position  on  these  tracks;  when  in  position 
a  cap  is  lowered  upon  the  ladle,  and  a  stream  of  gas  and  air,  in  regu- 
lated proportionSi  admitted  through  the  center  of  the  cap,  forms  a  com- 
bastioo  chamber  of  the  ladle,  causing  more  rapid  drying  and  producing 
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hotter  ladles  than  conld  be  obtained  by  the  old  method  of  building  fires 
in  them.  The  number  of  ladles  required  is  considerably  reduced  bj 
this  method. 

The  vessel-bottom  repair-shop  is  located  in  the  upper  end  of  the  mill, 
and  is  furnished  with  hydraulic  cranes  for  handling  and  ovens  for  drying. 

At  this  end  of  the  mill  a  brick  foundry  has  been  erected  on  the  soath 
side  and  adjoins  the  mill.  This  foundry  is  used  for  the  manufacture  of 
ingot-molds,  the  consumption  being  6  to  8  per  day.  The  foundry  equip- 
ment consists  of  a  cupola  and  two  power  cranes. 

In  the  main  portion  of  the  mill,  just  below  the  pits  and  handling 
floor,  are  6  Siemens  reheating  furnaces.  Three  furnaces  are  placed 
on  each  side,  with  hydraulic  cranes  for  charging  and  drawing  the  in- 
gots. Oentrally,  between  these  furnaces  and  under  command  of  the 
hydraulic  cranes,  run  two  narrow-gauge  tracks,  one  running  to  the 
casting  pits,  the  other  to  the  blooming  train.  There  are  two  blooming 
mills,  two  engines,  aud  three  sets  of  rolls.  The  smaller  engine  is  36 
by  60  inches,  coupled  direct  to  two  sets  of  three  high  32-inch  rolls.  Both 
sets  are  supplied  with  tables,  operated  by  power  and  controlled  by  two 
levers  at  one  point.  The  large  mill  is  also  three  high :  the  rolls  are  48 
inches  diameter  and  10  feet  long :  the  engine  is  65  inones  by  8  feet,  with 
90-ton  fly-wheel;  this  mill  is  similar  to  the  smaller,  but  handles  a  larger 
ingot  From  the  blooming  mill  the  ingot  passes  to  a  steam  hammer  out- 
side, cut  into  rail  blooms,  brought  back  and  charged  into  the  rail-mill 
heating  furnaces. 

These  furnaces  (4  in  number)  are  similar  in  construction  to  the  bloom- 
ing mill  furnaces,  varying  only  in  size,  and  are  located  immediately 
below  the  blooming  mill.  The  rail  mill  consists  of  three  sets  of  rolls; 
the  engine  is  an  upright  compound,  36-inch  high  pressure  and  56-inch 
low  pressure  cylinders,  50  inch  stroke;  the  rolls  are  24  inches,  three 
high.  The  rail  passes  from  the  rolls  to  the  hot-saws,  and  thence  to  the 
hot-beds,  straighteners,  drill-presses,  and  punches,  that  occupy  the 
lower  end  of  the  mill.  From  this  point  the  rail  passes  to  the  car  for 
shipment. 

There  is  now  in  course  of  erection,  aud  nearly  completed,  a  new  mill 
designed  to  roll  heavy  sections  and  long  lengths.  This  train  will  be 
driven  by  three  high  speed  compound  engines  on  one  shaft,  connected 
with  the  middle  roll  and  driving  direct.  The  aggregate  power  of  these 
engines  will  be  8,000  horses.  In  connection  with  this  train  will  be  the 
necessary  tables,  which  will  be  of  novel  design,  worked  automatically 
by  water  or  air  lor  handling  the  material. 

These  works  from  small  beginnings  have  grown  to  proportions  pro- 
ducing an  output  second  to  none  in  the  country  in  quality  or  quantity. 
The  average  force  is  3,000  men  and  boys.  The  many  difficulties  of  con- 
struction arising,  with  a  constant  demand  for  increased  capacity  and 
facilities,  have  been  met  with  unfailing  skill  and  foresight,  fully  attested 
by  the  successftd  and  convenient  working  of  so  large  a  plant. 

The  annual  product  of  the  works  is  as  follows : 

TODI. 

Pig  Iron 120,000 

Ingots 200,000 

RiBlB 150,000 

BiUets 30,000 

The  Ohaieman.  Have  you  at  any  time  been  requested  by  any  Gov- 
ernment to  supply  steel  shafts,  engines,  boilers,  ship  plates,  guns,  armor, 
or  steel  for  the  samet 

Mr.  Fbitz.  Have  not. 
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The  Ohaiehan.  What  are  the  dimensions  of  the  largest  steel  shafts, 
forgings,  castings,  armor,  gan  parts,  boiler  or  ship  plates  yon  have  man- 
ufactured t 

Mr.  Fritz.  Have  made  steel  shafts  and  castings  for  our  own  use. 
Have  made  cast  shafts  of  14  inches  diameter,  and  forged  a  12-inch  shaft 
under  a  seven-ton  hammer;  have  made  a  large  variety  of  steel  castings 
running  as  high  as  8,000  pounds. 

The  Chairman.  By  what  process  were  they  manufactured t 

Mr.  Fritz.  By  the  Terre-]^oir6  process,  in  connection  with  Bessemer 
steel. 

The  Chairman.  Are  there  any  forges  in  the  United  States  capable 
of  properly  forging  steel  shafts  for  ships  of  more  than  1,500  tons,  and 
the  parts  of  modem  ordnance  heavier  than  six  inches  caliber  t 

Mr.  Fritz.  B^one  to  do  it  properly. 

The  Chairman.  Are  there  any  rolls  in  the  United  States  of  sufScient 
capadly  to  roll  armor-plate  of  more  than  2  inches  in  thickness  t 

Mr.  Fritz.  There  is  no  mill  capable  of  rolling  heavy  armor-plate. 

The  Chairman.  Where  is  the  boundary  between  iron  and  steel  t 

Mr.  Fritz.  A  vexed  question,  on  which  doctors  disagree. 

The  Chairman.  What  is  the  action  of  metal  called  <Vflowing^  f 

Mr.  Fritz.  A  molecular  displacement  due  to  compression  or  other 
strains. 

The  Chairman.  Could  aU  the  parts  of  a  100-ton  steam  hammer  be 
manufactured  in  the  United  States. 

Mr.  Fritz.  All  parts  of  a  100-ton  hammer  could  be  made  in  the 
United  States,  but  would  prefer  having  the  piston-rod  foi*ged  under  a 
hammer  heavier  than  any  in  this  country,  or  in  an  hydraulic  forging 
press,  of  which  there  are  none  in  this  country  adapted  to  the  work. 

The  Chairman.  By  what  method  can  the  Government  best  be  sup- 
plied with  guns,  armor,  and  war  vessels  t 

Mr.  Fritz.  Think  favorably  of  the  method  suggested  by  the  United 
States  Gun  Foundry  Board. 

The  Chairman.  What  is  your  opinion  of  the  comparative  cost  of 
supply — ^wholly  in  Government  works,  partly  in  such  works  and  partly 
by  contract  with  private  builders,  or  wholly  in  private  works  t  In  case 
of  divided  labors,  how  should  the  division  be  made  f 

Mr.  Fritz.  This  question  would  be  difficult  to  answer  intelligently 
without  considerable  thought  and  consideration ;  yet  it  would  seem  that 
the  plan  recommended  by  the  Gun  Foundry  Board  would  offer  the  best 
solution  of  the  problem. 

Tbe  Chairman.  Which  do  you  consider  the  best  location  for  such  a 
method  of  production  t 

Mr.  Fritz.  I  consider  Eastern  Pennsylvania  one  of  the  best  locations 
for  the  manuflEu^ture  of  the  rough-finished  material. 

The  Chairman.  Is  there  material  in  this  country  out  of  which  the 
best  gun  steel  can  be  madet 

Mr.  Fritz.  There  has  not  been  sufficient  demand  at  home  for  such  a 
product  to  determine  if  the  best  gun-steel  can  be  made  of  American 
material.  It  is  believed,  however,  that  material  of  suitable  quality  ex- 
ists in  the  United  States,  though  perhaps  not  near  enough  to  the  locali- 
ties suitable  for  the  manufacture  of  guns  to  give  as  good  economic 
results  as  can  be  had  by  the  use  of  some  foreign  material. 

The  Chairman.  Is  there  any  reason  why  the  steel  manufacturers  of 
the  United  States  should  not  be  restricted  to  the  use  of  home  material  f 

Mr.  Fritz.  There  are  several  reasons  for  not  restricting  the  manu- 
facture to  home  ores  ]  an  important  reason  being  the  purer  quality  of 
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many  of  the  foreign  ores  which  insares  a  higher  grade  and  better  quality 
of  steel. 

The  Ohaibman.  Why  do  steel  manofactarers  import  foreign  material  f 

Mr.  Fbitz.  Because  they  can  feel  more  certain  of  obtaining  a  high 
qaality  of  product  within  the  necessary  limits  of  cost. 

The  Ohaibman.  Can  any  works  in  the  United  States  (with  present 
plant)  produce  any  grade  of  steel  that  would  probably  be  called  for  by 
Government  specifications  for  guns  and  armor  equal,  metaUargieaUy, 
to  foreign! 

Mr.  Fbitz.  Several  works  in  the  United  States  are  capable  of  sap 
plying  steel  equal  metallurgically  to  the  foreign  steel. 

The  Ohaibman.  Under  existing  conditions  what  will  be  the  additional 
cost  of  such  steel  as  compared  with  the  foreign  of  the  same  qaality, 
laid  down  in  the  United  States,  duty  freet 

Mr.  Fbitz.  About  the  difference  in  the  price  of  labor. 

The  Ohaibman.  By  what  process  would  you  make,  and  to  what  treat- 
ment would  you  subject,  the  steel  for  modem  heavy  guns,  armor  plate, 
and  plates  for  boilers  and  ships  f 

Mr.  Fbitz.  Would  make  the  steel  by  such  process  and  subject  it  to 
such  tests  as  the  United  States  Government  might  suggest  or  require. 

The  Ohaibman.  If  the  Government  specified  the  minimum  physical 
characteristics,  without  indicating  the  process  of  manufacture,  by  what 
process  would  you  manufacture,  and  to  what  treatment  would  you  sub- 
ject, the  steel  in  order  to  produce  the  most  suitable  material  for  modem 
heavy  guns,  armor- plate,  and  plates  for  boilers  and  ships t 

Mr.  Fbitz.  The  experience  of  the  most  celebrated  manufacturers  of 
heavy  ordnance  having  led  to  the  adoption  of  the  open-hearth  process, 
may  be  accepted  as  proof  of  its  adaptation  for  the  manufacture  of  heavy 
guns.  The  treatment  of  the  metal  whereby  it  is  brought  to  shape  can 
no  doubt  be  effected  equally  well  either  by  the  steam  hammer  of  great 
weight  or  the  hydraulic  forging  press.  The  choice  of  method  would 
thereby  be  governed  by  the  respective  cost.  If  the  Government  should 
adopt  a  solid  steel  armor  plate,  the  same  plant  used  in  making  the  gons 
could  to  a  great  extent  be  used  in  the  fabrication  of  this  armor.  Boiler 
plate  and  shapes  for  shipbuilding  purposes  must  necessarily  be  made 
on  rolls.  While  the  open-hearth  process  is  generally  preferred,  and  cer- 
tainly yields  a  good  product,  I  am  strongly  of  the  opinion  that  equally 
good  results  can  be  obtained  from  the  Bessemer. 

The  Ohaibman.  How  is  steel  tempered }  and  why  is  oil  generally 
used  instead  of  other  fluids t 

Mr.  Fbitz.  Steel  is  tempered  by  cooling — suddenly  for  hard  temper- 
ing, but  slowly  for  toughness.  Oil  is  used  because. experience  has 
proved  it  less  liable  to  produce  cracks  than  other  fluids. 

The  Ohaibman.  Why  is  not  petroleum  used  f 

Mr.  Fbitz.  Because  the  formation  of  explosive  gases  renders  it  dan- 
gerous. 

The  Ohaibmai^.  In  what  way  is  the  quality  of  steel  improved  by 
working  and  treatment  t    Is  the  density  increased  f 

Mr.  Fbitz.  Its  density  is  increased,  thereby  improving  its  strength 
and  ductility. 

The  Ohaibman.  In  what  part  of  the  United  States  are  the  most 
suitabliB  ores  to  be  found  for  the  manufacture  of  gun  and  ship  steel  t 

Mr.  Fbitz.  Kot  knowing  the  Govemraent  requirements  for  gun  and 
amior  plates,  I  cannot  answer  this  question  intelligently. 

The  Ohaibman.  Have  we  the  material,  plants,  and  experience  re- 
quired to  produce  in  quality,  dimensions,  and  quantity,  steel  suitable 
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ibr  the  constraotion  of  modem  armored  TeBsels,  and  for  the  fiibrioation 
of  modem  heavy  ordnanoe  t 

Mr.  Fbitz.  There  is  in  this  country  no  plant  capable  of  prodacing 
steel  in  snch  dimensions  or  quantity  suitable  for  the  constmction  of 
modem  armored  vessels,  and  the  fftbrication  of  modern  heavy  ord- 
nance. 

The  Chairman.  Have  yon  ever  compressed  steel  ingots  in  a  liquid 
state,  or  seen  the  operation  of  snch  compression,  or  hydraulic  forging  t 

Mr.  Fbitz.  Have  had  practically  no  experience  in  compressing  steel 
ingots  in  liquid  state,  or  of  hydraulic  forging. 

The  Ghaibhan.  What  do  you  know  of  liquid  compression  t 

Mr.  Fbitz.  Practically,  nothing. 

The  Ohaibman.  Have  you  ever  manufactured  hydraulic  casting  or 
forging  presses! 

Mr.  Fritz.  No. 

The  Ohaibman.  What  do  yon  consider  the  comparative  advantages 
and  disadvantages  of  the  two  systems  of  forging  (hammer  and  hydraulic 
press),  and  what  are  year  reasons  for  the  samet 

Mr.  Fbitz.  I  consider  the  advantages  in  favor  of  the  hydraulic  forging 
press,  because  the  process  is  more  of  a  kneading  one,  its  effect  going 
to  the  center,  consequently  increasing  uniformly  the  density  throughout 
the  mass. 

The  Ohaibman.  Have  you  any  tools  and  implements  for  the  manu- 
facture of  guns  similar  to  those  mentioned  in  the  Onn  Foundry  Board's 
report,  pages  40  to  44 ;  can  you  manufacture  such  tools,  equal  in  power 
and  feed,  at  the  cost  estimated  therein ;  and  how  much  time  would  you 
require  to  furnish  them  t 

Mr.  Fbitz.  We  have  several  tools  and  implements  coming  under  this 
head,  but  keep  them  in  constant  use  on  our  own  work.  We  could  make 
such  tools,  but  might  prefer  to  get  them  elsewhere,  reserving  our  power 
for  things  that  could  not  be  mi^e  anywhere  else. 

The  OhaibmAn.  Are  you  enlarging  your  plant  t 

Mr.  Fbitz.  Enlarging  in  the  directionof  shapes  for  ship-building  and 
other  purposes. 

The  Ohaibman.  In  the  manufacture  of  steel,  to  what  chemical  and 
mechanical  tests  do  yon  subject  itt 

Mr.  Fbitz.  Oomplete  chemical  analyses,  and  tested  for  its  physical 
and  mechanical  properties,  i.  «.,  bending,  tensile  strength,  elongation, 
elastic  limit,  torsion,  effects  of  temperature,  and  microscopic  investiga- 
tipn. 

The  Ohaibman.  What  testing  machine  do  you  employ  t 

Mr.  Fbitz.  Bhiel^'s  tension,  transverse  and  compression  testing  ma- 
chine, and  Thurston's  torsion  machine. 

The  Ohaxrman.  By  whom  are  these  tests  made  t 

Mr.  Fbitz.  Maunsel  White,  graduate  of  Stevens  Institute,  in  charge 
of  our  physical  laboratory. 

The  Ohaibman.  What  ores  do  you  use,  and  where  do  yon  get  them  t 

Mr.  Fbitz.  Oarbonate,  magnetic  and  red  hematite.  About  half 
American  and  half  foreign. 

The  Ohaibman.  What  experience  have  you  had  in  the  use  of  steam 
hammers  and  hydraulic  casting  and  forging  presses  Y 

Mr.  Fbitz.  None  with  hydraulic  presses,  but  have  been  using  steam 
hammers  of  from  5  cwt.  to  7  tons  for  the  past  35  years. 

The  Ohaibman.  What  testing  machine  do  you  consider  best  adapted 
for  the  work  required  in  the  prcKlnction  of  suitable  steel  for  war  vessels 
and  heavy  ordnance,  and  your  reasons  t 
4953  OB 19 
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Mr.  Fritz.  There  are  several  machineB  now  being  boilt  and  in  use 
which  can  be  relied  on  for  tmstworthy  resnlts. 

The  Chairman.  In  the  production  of  such  steel  (with  eqoal  care  of 
manofactare)  can  as  good  resnlts  be  obtained  by  washing^  &c.,  mediom 
and  poor  ores,  as  with  the  best  selected  material  t 

Mr.  Fritz.  In  making  a  high  grade  of  steel  the  porest  ore  is  much  to 
be  preferred.  No  subsequent  treatment  can  mskke  up  for  original  defect 
in  quality  of  ores. 

The  Chairman.  Do  yon  consider  the  proximity  of  natural  gas  an  ad- 
vantage to  steel  manufacturers  t 

Mr.  Fritz.  There  are  some  advantages,  but  other  localities  possess 
advantages  more  than  counterbalancing  those  of  the  natural  gas. 

The  Chairman.  What  is  your  opinion  as  to  its  comparative  reliability, 
sufficiency,  safety,  cost,  and  purity  with  other  fuels  Y 

Mr.  Fritz.  Consider  the  gas  manufactured  from  solid  fuel  as  of  more 
reliability  and  safety,  but  costing  somewhat  more  than  the  natural  gas. 

The  Chairman.  Is  it  found  in  large  supply  in  the  vicinity  of  your 
works  t 

Mr  Fritz.  B^o  natural  gas  found  in  our  vicinity. 

The  Chairmaiv.  Please  give  a  record  of  tests  of  your  steel. 

Mr.  Fritz.  Having  made  as  yet  no  steel  for  gun  or  ship  purposes,  can 
give  no  tests  of  such  material. 


LETTER  FROM  THE  BRIER  HILL  IROH  AHD  COAL  COMPAVY. 

TouNGSTOWN,  Ohio,  July  30, 1884. 
Gentlemen  :  I  have  received  your  circular,  dated  at  Washington, 
July  16, 1884,  which  I  have  carefully  read.  We  are  manufacturing  at 
Brier  Hill^  by  the  direct  process,  4^  or  50  tons  per  day  of  <^  washed 
metal,"  suitable  for  open-hearth  steel.  We  believe  this  to  be  the  best 
steel  material  ever  produced  in  the  United  States.  It  is  entirely  free 
from  silicon,  contains  but  a  trace  of  sulphur,  and  about  3  per  cent,  of 
combined  carbon.    It  can  be  used  in  an  open-hearth  plant  alone. 

We  believe  it  is  just  the  material  needed  for  manufacturing  the  pro- 
posed steel  guns.  It  would  give  us  pleasure  if  your  committee  would 
see  proper  to  pay  us  a  visit  on  this  subject.  I  might  add,  also,  that 
there  are  a  great  many  worse  locations  in  the  United  States  than 
Youngstown  for  a  gun  foundry.  We  have  six  railroads  here,  and  are 
connected  with  nearly  all  the  leading  roads  in  the  country. 
Very  truly,  yours, 

J.  G.  BUTLER,  Jr., 

Oeneral  Manager, 
To  the  Select  Ownmittee^  dkc. 

Inclosed  in  the  above  letter  was  the  following: 

ABIERICAN  "SCOTCH  PIG." 

It  may  not  be  generaUy  known  that  the  Brier  Hill  Iron  and  Coal  Company,  owning 
and  operating  blast  fnmaces  at  Tonngstown,  Ohio,  are  turning  oat  an  iron  which 
they  call "  Brier  HiU  Scotch/'  and  which  is  said  to  be  fally  equal  to  the  imported  ar- 
ticle. The  Brier  HiJl  Company,  while  making  a  very  good  Bessemer  iron,  have  for 
some  time  been  paving  special  attention  to  fonudry  Irons.  Some  three  or  four  months 
ago  they  conceivea  the  idea  of  making  a  grade  of  foundry  iron  equal  to  imported 
Scotch.  The  latter  iron  is  usually  purchaMd  on  account  of  its  well-known  qualities 
of  great  fluidity,  slight  shrinkage  in  casting,  and  scrap-absorbing  power :  and  it  is 
asserted  that  the  Bner  Hill  Scotch  is  identicalf  in  physical  properties,  with  the  im- 
ported Scotch,  and  that  it  is  very  difficult  to  distineuish  the  difference  oetween  them. 
The  iron  of  the  Brier  Hill  Company  has  been  tried  in  numerous  instances  by  parties 
who  had  been  usin^  nothing  but  the  imported  Scotch,  and  we  are  informed  that,  with 
scarcely  an  exception,  it  has  filled  the  bUl  and  done  the  work  of  the  latter.  The 
Brier  HiU  Company  are  now  running  one  of  their  four  blast  furnaces  exclusively 
on  this  iron,  and  are  shipping  it  to  fifteen  different  States  in  the  Union.  The  iron 
is  graded  as  Nos.  1  and  2,  the  No.  1  being  extra  open  grade,  and  the  No.  2  varying 
but  little  in  appearance  from  No.  1  imported  Scotch.  They  use  as  a  basis  for  making 
the  metal  the  celebrated  Mineral  Bidsre  black  band  ore,  which  is  Identical  in  analysis 
with  the  best  quality  of  Scotch  black  band.  The  company  are  also  making.«in  ad- 
dition to  their  Bessemer  pig  and  their  Scotch  foundry,  two  other  grades  of  foundry 
iron— an  extra  strength  iron  called  "Tod  foundry,"  made  from  Lake  Superior  ores, 
very  tough,  soft  and  fluid,  and  suitable  for  difficult  machine  work— and  a  medium 
strength  iron  called  **  Iron  Biver  foundry,"  suitable  for  small  castings  and  general 
use.  Special  attention  is  given  to  grading  these  foundry  irons,  and  purchasers  can 
rely  on  qualities  and  strength. 

The  Brier  HiU  Company  are  now  able  to  supply  to  foundries  their  entire  mixture, 
thus  obviating  any  necessity  to  buy  from  several  different  makers.  The  four  furnaces 
of  the  company  have  an  aggregate  annual  capacity  of  100,000  tons,  atad  their  product, 
for  the  past  three  years  has  averaged  75,000  tons  per  annum. — The  Iron  Age,  March  1. 
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LETTER  FBOM  THE  CAIOEIA  lEOH  COMPAVY. 

Philadelphia,  July  29, 1884. 

Gentlemen  :  We  yesterday  received  year  circalar  of  the  lOth  in- 
stanty  same  having  been  forwarded  from  our  works,  and  we  wonld 
respectfully  reply  thereto  that  we  have  been  considering  for  a  long  time 
the  subject  of  which  it  treats  and  have  been  endeavoring  to  post  oar- 
selves  diat  we  may  give  an  intelligent  answer  to  the  varions  inquiries 
that  the  Oovemment  may  desire  to  make  of  us.  On  February  7  we 
addressed  a  long  communication  to  Commodore  Edward  Simpson,  presi- 
dent of  the  Gun  Foundry  Board,  w4iich  you  will  find  printed  in  fall  on 
page  61  of  the  report  of  that  Board,  which  latter  you  no  doubt  have 
before  you.  We  have  nothing  now  to  add  to  what  we  there  set  forth ; 
but  to  enable  us  to  act  more  intelligently  in  the  matter,  we  have  sent 
our  chief  engineer  to  visit  the  various  European  works  that  are  engaged 
in  furnishing  the  class  of  material  that  the  Government  desires,  and 
within  a  short  time — when  we  obtain  his  report  on  his  various  visits— 
we  will  be  enabled  to  make  a  fuller  statement.  In  the  mean  time  we 
would  be  exceedingly  glad  to  have  you  and  your  committee,  or  any  of 
you,  visit  our  works,  and  when  there  every  facility  will  be  afforded  yon 
to  make  a  complete  examination  of  the  same. 

Awaiting  your  advices  as  to  this,  and  hoping  to  communicate  with 
you  further  in  regard  to  the  matter,  we  remain, 
Very  truly,  yours, 

E.  Y.  TOWNSBND, 
President  Cambria  Iron  Company. 

To  the  Select  Committee^  dkc. 


CAMBEIA  ntOlf  COMPAHT. 

STATEMENT  OF  MR.  JOSEPH  MOEGAK,  JE, 

Johnstown,  Pa.,  November  25, 1884. 

Mr.  MoBaAN.  What  is  youi  profession,  and  how  long  have  yoa  been 
engaged  as  chief  engineer  of  the  Cambria  Iron  and  Steel  Works  t  How 
long  were  yon  in  the  United  States  Navy,  and  in  what  capacity  t 

Mr.  J.  MoBQAN,  Jr.  My  profession  is  mechanical  engineer.  I  have 
been  chief  engineer  and  saperintendent  of  the  mechanical  department 
of  the  Cambria  Iron  Work/3  for  four  years  past.  I  served  from  October, 
1861,  to  January,  1866,  as  third  and  second  assistant  engineers  in  the 
United  States  Navy.  Since  my  resignation  I  have  been  three  years  at 
the  Phoenix  Iron  Works,  Phoenixville,  Pa. ;  ten  years  at  the  Edgemoor 
Iron  Works,  Wilmington,  Del.,  and  six  years  at  the  Cambria  Iron 
Works. 

The  Chaibman.  Of  what  scientific  association  are  you  a  member! 

Mr.  J.  MoBaAN,  Jr.  Am  a  member  of  American  Institute  of  Mining 
Engineers,  American  Society  of  Mechanical  Engineers,  and  of  United 
States  Naval  Institute. 

Mr.  MoBaAN.  Please  give  a  general  description  of  the  classes  of  work 
ID  iron  and  steel  production  and  manufacture  that  is  being  carried  on 
at  Johnstown  by  the  Cambria  Iron  and  Steel  Works,  the  number  of  oper- 
atives necessary  to  carry  on  the  works,  and  the  amount  of  capital  in- 
vested by  the  company ;  also  the  number  and  description  of  the  iron 
and  steel  furnaces,  foundries,  and  mills  worked  by  the  company,  and 
the  number  and  location  of  the  iron-ore  beds  and  coal-mines  worked  by 
the  Cambria  Company. 

Mr.  J.  MoBGAN,  Jr.  The  company  now  own  seven  blast  furnaces 
in  Cambria  County  and  four  in  Blair  County,  besides  extensive  proper- 
ties in  the  Lake  Superior  region.  The  Pennsylvania  properties  are 
abundantly  supplied  with  railway  facilities,  by  which  the  cost  of  trans- 
portation is  reduced  to  minimum  limits.  The  company  own  twenty- three 
locomotives  of  from  6  to  37  tons  weight,  three  hundred  and  sixty 
standard-gauge  and  about  one  thousand  narrow-gauge  cars.  Nine 
thousand  car-loads  of  material  are  handled  each  month.  The  mills  cover 
7  acres  and  the  works  60  acres. 

The  rolling  mill  is  85  to  100  feet  in  width  by  1,900  feet  in  length ;  the 
Bessemer  mill,  105  by  265  feet ;  the  merchant  steel  works,  105  by  162 
feet;  the  open  hearth  steel  works,  120  by  355  feet;  and  all  the  other 
works  are  of  similarly  large  dimensions. 

The  rolling  mill  contains  a  21-inch  train,  No.  1,  of  three  stands  of 
three  high  rolls,  driven  by  a  40  by  48  inch  horizontal  engine.  The 
average  output  of  the  mill  is  3,000  tons  of  finished  rails  a  week,  the 
actual  output  reaching  in  the  best  record  of  one  of  the  mills  one  hun- 
dred and  ten  steel  rails  in  fifty-five  minutes.  The  blooms  are  7  inches 
square,  and  the  furnaces  have  a  capacity  of  ten  blooms  each. 

No.  2  train  is  21  inches,  and  has  three  stands  of  three  high  rolls, 
driven  by  a  vertical  engine,  40  by  32  inches,  and  is  worked  on  double- 
length  rails,  angles,  and  other  steel  shapes.  The  capacity  of  the  mill 
is  1,200  tons  of  small  steel  shapes  per  week. 
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No.  3  train  is  21  iuches,  with  three  stands  of  three  high  rolls,  the  en- 
gine being  a  duplicate  of  No.  1  train,  it  is  worked  on  wire-rod  billets 
and  the  varioas  other  kinds  of  billets  required  for  merchant  steel ;  ca- 
pacity,  800  tons  per  week. 

No.  4  train  is  21  inches,  similar  to  the  others :  capacity,  600  tons  per 
week.  This  mill  has  been  used  to  roll  rail  blooms,  7  inches  square, 
during  the  temporary  stoppage  of  the  40-inch  blooming  train.  Buiklej 
condensers  are  used  on  all  the  engines  driving  the  trains. 

The  16-inch  mill  of  three  stands  of  two  high  rolls  is  driven  by  a  hori- 
zontal engine  of  20  by  30  inches,  and  is  used  for  making  varioas  kinds 
of  merchant  iron ;  capacity,  250  tons  per  week. 

The  12-inch  train  has  three  stands  of  three  high  rolls,  driven  by  a 
vertical  engine  11  by  21  inches.  It  is  used  for  splice  bars,  light  angles, 
track-bolt  iron  and  light  rails  16  to  24  pounds;  capacity,  125  tons  per  week. 
The  stock  i9  heated  for  the  foregoing  in  thirty-five  heating  furnaces  with 
overhead  steam  boilers.  The  mill  has  in  addition  to  these  boilers,  a  brick 
and  iron  building  45  feet  by  180  feet,  containing  sixteen  tubular  boilers, 
60-inch  diameter,  aggregating  about  1,600  horse-power. 

The  puddle  mill,  which  has  forty -four  double  puddling  furnaces,  roll 
trains,  engines,  &c.,  is  not  now  worked  except  for  occasionally  rolling 
iron  scrap. 

The  wire-rod  mill  is  engaged  in  rolling  steel  billets  into  No.  5  rod, 
and  its  average  output  is  400  tons  a  week.  The  billets  are  heated  in  a 
Siemens'  furnace  25  feet  long  10  feet  wide,  inside  dimensions.  The  pro- 
ducers connected  with  the  furnace  are  worked  with  steam  jet  blast 
The  engines  are  supplied  with,  steam  by  six  tubular  boilers,  60-inch  di- 
ameter and  18  feet  long. 

The  department,  wherein  are  made  the  track  bolts  for  railroads  and 
the  machine  bolts  used  throughout  the  works,  is  equipped  with  bolt- 
heading  and  nut-tapping  machines  of  the  most  approved  patterns.  It 
produces  1,000  kegs  of  track-bolts,  of  200  pounds  each,  each  month, 
besides  supplying  about  30,000  pounds  of  machine  bolts  per  month. 

A  ventilating  fan  of  8  feet  diameter  supplies  fresh  air  to  the  rail- 
mill  through  main  pipes  5  feet  in  diameter,  located  overhead,  and 
having  outlets  near  the  heating  furnaces,  2  feet  in  diameter.  By  this 
arrangement  100,000  cubic  feet  of  fresh  air  per  minute  is  distributed 
throughout  the  works. 

The  40inch  blooming  train  for  blooming  18J-inch  ingots  is  driven  by 
a  reversing  engine  with  two  cylinders,  40inch  diameter,  48-inch  stroke, 
and  is  geared  to  the  train,  three  to  one,  with  engine  speed  at  ninety 
revolutions  per  minute.  The  train  is  two  high.  The  tables  on  both 
sides  of  the  train  are  operate<l  by  hydraulic  cylinders,  and  the  screws 
for  controlling  the  height  of  the  top  roll  are  actuated  by  the  same 
power.  The  ingots  weigh  5,000  pounds  each,  and  are  rolled  into  7-inch 
blooms,  each  ingot  making  six  to  eight  rails.  Siemens'  heating  furna- 
ces, eight  in  number,  are  used,  having  an  aggregate  capacity  of  sixty- 
six  ingots.  They  are  supplied  with  power  drawing  and  charging  ap- 
paratus. 

Twenty  Siemens  and  four  Wilson's  producers  are  used,  steam  blast 
being  gradually  substituted  for  natural  draft  throughout.  The  new 
blooming  train,  now  nearly  completed,  will  bo  48  inch,  two  high,  driven 
by  a  pair  of  horizontal  reversing  engines,  44-inch  cylinders,  60-inch 
stroke,  at  a  speed  of  sixty  revolutions  per  minute,  geared  two  to  one 
to  the  train.  The  rolls,  which  are  of  steel,  cast  in  the  open-hearth  de- 
partment, are  8  feet  long  between  necks,  44-inch  diameter,  cored  20 
inch  diameter  through  the  body,  and  weigh  about  16  tons.    The  ad- 
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justable  screws  are  actaated  by  a  small  two-cylinder  reversing  engine. 
The  tables  are  8  by  30  feet,  and  are  driven  by  bevel  gearing  on  the  end 
of  each  roller,  power  being  supplied  by  a  horizontal  engine  placed  at 
one  end  of  the  table.  A  pair  of  hydraulic  cylinders  push  the  finished 
bloom  sidewise  to  the  delivery  rollers  which  carry  it  to  the  hot  shears. 
The  shears  are  driven  by  a  14-inch  by  24-inch  vertical  engine.  This 
train,  when  finished,  will  be  as  powerful  and  as  capable  of  rolling  as 
heavy  armor  plate  as  any  mill  in  Europe.  The  foundations  of  the  train 
and  engines  are  constructed  in  a  most  substantial  and  durable  manner, 
of  cut  stone,  12  feet  deep,  laid  upon  a  concrete  bed  3  feet  deep.  Both 
blooming  trains  are  served  by  25-ton  cranes  for  changing  rolls,  pinions, 
&c.,  besides  the  4-ton  hydraulic  cranes  for  handling  ingots. 

A  Sellers  4-ton  and  Gondie  5-ton  steam-hammer  are  located  conven- 
iently near  the  trains. 

Twelve  soaking  pits,  of  the  Gjers  type,  are  within  20  feet  of  the  40- 
inch  train.  They  are  10  feet  deep  below  ground  and  are  served  by  a 
hydraulic  crane  of  24-foot  jib. 

Hydraulic  pressure  is  maintained  by  a  Worthington  compound  du- 
plex pump,  connected  with  accumulators,  giving  350  pounds  pressure  per 
square  inch.  The  product  of  the  40-inch  train  for  the  past  year  reached 
200,000  tons  of  ingots  bloomed. 

Steam  for  the  blooming  mill  and  open-hearth  plants  is  generated  in 
twenty  48-inch  and  four  60-inch  by  18  foot  tubular  boilers. 

The  Bessemer  plant  was  started  in  1871,  and  is  of  the  American  type. 
The  converting  room  is  of  iron  and  brick  throughout,  and  has  ample 
height  and  ventilation.  The  cupolas  are  six  in  number,  7  feet  6  inches  in 
diameter,  and  25  feet  high.  Blast  is  supplied  by  four  Baker  rotary  press- 
ure blowers  and  one  Sturtevant  blower,  each  driven  directly  by  a  16- 
inch  by  24-inch  independent  engine,  which  furnishes  to  these  and  to 
four  smaller  cupolas  for  melting  spiegeleisen,  33,000  cubic  feet  of  blast 
per  minute.  The  capacity  of  one  cupola  is  600  tons  of  melted  iron  at  a 
continuous  blast  of  seventy-two  hours.  The  cupolas  supply  two  con- 
verting vessels  of  7J  tons  capacity  each,  the  product  of  the  vessels  be- 
ing distributed  by  a  hydraulic  ladle  crane.  Blast  is  supplied  at  about 
20  pounds  pressure  by  three  blowing  engines  of  modem  type,  54-iuch 
air  cylinders,  5^-foot  stroke. 

•  There  are  in  the  Bessemer  works  two  Worthington  compound  press- 
ure pumps,  connected  with  the  accumulators  in  the  blooming  and  open- 
hearth  departments,  so  that  the  pressure  is  likely  to  be  constant  and 
regular. 

The  Bessemer  works  are  supplied  with  steam  by  a  battery  of  nine  48- 
inch  tubular  boilers,  and  ten  60-inch  plain  horizontal  tubular  boilers. 

The  best  average,  although  not  the  very  highest  work  done  in  the 
Bessemer  department,  is  eighty-two  heats  of  7^  tons  each,  for  each 
twentx-four  hours.  The  best  weekly  record  reached  3,700  tons  of  ingots, 
and  the  best  monthly  record  16,000  tons.  The  best  daily  output  was 
725  tons  of  ingots. 

All  grades  of  steel  are  made  in  the  converter  from  the  softest  wire 
and  bridge  stock  to  spring  stock.  They  are  all  careiully  analyzed  at 
the  company's  chemical  laboratory,  heat  by  heat,  and  the  physical  prop- 
erties determined  by  a  tension  test  made  on  a  oar  three  fourths  of  an 
inch  square,  and'  measured  on  8  inches  length.  From  the  knowledge 
thus  obtained  the  use  to  which  it  is  to  be  applied  is  determined. 

The  open-hearth  plant  consists  of  three  Pernot  revolving-hearth  fur- 
naces, fitted  with  aU  the  recent  improvements  in  roofs  and  ports,  and 
also  arranged  in  accordance  with  the  principles  which  have  made  the 
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American  Bessemer  works  so  much  more  productive  and  economical 
than  tho»e  which  preceded  them.  There  are  two  16-foot  pans  of  15  toas 
capacity  each,  and  one  14^foot  pan  of  12  tons  capacity.  Each  one  is 
supplied  with  gas  by  four  Siemens  producers.  A  separate  pit,  with  an 
independent  hydraulic  crane  of  20  tons  capacity,  is  located  in  front  of 
each  pan,  and  hydraulic  cranes  of  smaller  capacity  for  delivering  the 
ingots  to  cars  are  conveniently  located.  A  steam  crane  of  25  tons  ca- 
pacity is  also  in  use  for  special  purposes.  A  large  part  of  the  product 
of  this  plant  is  made  into  special  castings  for  use  in  and  about  the  mills, 
for  custom  work,  such  as  engine  shafts,  gearing,  light  and  heavy  rolls, 
bridge  castings,  &c.  Cupolas  are  prepared  to  run  the  smaller  pan  on 
tiie  Krupp  dephosphorization  proci^ss.  The  product  of  the  two  16-foot 
furnaces  reached  25,000  tons  a  year. 

The  company  owns  and  operates  ten  blast  furnaces.  Six  of  the  largest 
and  most  modem  type  are  located  at  Johnstown,  and  the  others  on  the 
lines  of  the  Pennsylvania  Bailroad,  adjacent  to  large  coal  and  iron  ore 
deposits.  The  Johnstown  furnaces  are  80  feet  high,  16  to  19  feet  boshes. 
They  have  sixteen  Whitwell  stoves,  19  feet  diameter,  64  feet  high ;  also 
stoves  of  the  Player'type.  Fourteen  blowing  engines,  with  84-inch  air 
cylinders,  supply  blast  which  is  heated  to  1,200^  Fahrenheit,  and  aver- 
ages 8  pounds  pressure  per  square  inch.  Steam  is  generated  in  seven 
batteries  of  steel  twin  boilers  43  feet  long,  4  feet  diameter,  and  five  bat- 
teries of  twin  boilers  70  feet  long,  all  so  arranged  as  to  be  worked  inde- 
pendently of  each  other. 

The  product  of  these  furnaces  can  either  be  poured  directly  into 
ladles  resting  on  trucks  and  run  to  Bessemer  works,  or  cast  directly 
into  pigs. 

The  shops  of  the  company,  for  building  their  own  machinery  and 
making  the  necessary  repairs,  comprise  the  following : 

Machine-shop 66bY215feet. 

Macbine-sbop,  two-story  annex 40  by  85  feet. 

Smitb-sbop  (octagon) 70  feet. 

Smith -sbop,  two  wings 40  by  60  feet. 

Foundry 75byl65l«et. 

Foundry 75  by  145  feet 

Roll-turning,  boiler,  and  roof  sbops 110  by  315  feet. 

Pattern  sbop,  two  stories 55  by  110  feet.. 

Car  and  carpenter  shops,  two  stories 60  by  140  feet. ' 

Testing  department,  two  stories 50  by  100  feet. 

Plumbing  sbop,  two  stories : 50by  100  feet. 

Drawing  rooms,  three  stories 55  by  65  feet. 

The  machine-shop  has  among  its  tools  for  heavier  work  a  combined 
slotter  and  boring  mill,  with  a  shifting  table  of  16  feet  traverse,  a  slotting 
stroke  of  4  feet  vertical,  and  can  accommodate  a  piece  of  work  6  feet 
by  12  feet  by  16  feet,  and  slot,  bore,  and  plane  at  one  operation.  In 
addition  to  this  it  has  a  full  complement  of  lathes,  planers,  cylinder- 
boring,  and  floor-boring  machines,  drill  presses,  &c.  These  are  served 
by  one  25-ton,  two  20-ton,  and  one  10-ton  cranes.  The  machines  for 
lighter  work  are  on  the  second  floor,  which  is  reached  by  a  3-ton  ele- 
vator. The  tool-room,  a  wing  50  by  50  feet,  is  supplied  with  lathes, 
presses,  gear  cutters,  &c.,  for  making  the  more  important  tools  used  in 
the  shop. 

The  smith-shop  has  twenty  forges  and  three  fhmaces  and  four  steam 
hammers  varying  from  1,000  pounds  to  3,500  pounds,  served  by  seven 
cranes. 

The  foundry  has  three  cupolas  and  one  air  fhmace,  and  has  upwards 
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of  20,000  square  feet  of  molding  floor.  It  is  served  by  two  25:ton,  three 
15-toii,  and  one  lOton  steam  cranes. 

The  roll-turning  department  occupies  a  brick  and  iron  building  jointly 
with  the  boiler  and  roof  shops.  Its  ten  lathes  are  set  in  line  and  are 
served  by  a  portable  crane  running  on  a  tramway  in  front  of  them.  The 
largest  lathe  will  swing  a  48-inch  by  14-foot  blooming-mill  roll  weigh- 
ing about  16  tons,  and  the  smallest  is  used  for  wire-rod  rolls  7  inches  by 
10  inches. 

The  boiler-shop  is  fitted  with  all  necessary  power  tools,  and  makes 
all  the  boilers  which  the  company  use,  besides  constructing  and  main- 
taining the  necessary  structural  work  connected  with  the  blast  furnaces 
and  steel  works. 

The  roof-shop  is  prepared  for  structural  work  entirely,  and  employs  a 
large  force  on  bridges,  roofs,  and  floors. 

The  shops  all  have  ample  steam  power  in  their  respective  buildings 
independent  of  each  other. 

The  pattern,  car,  and  carpenter  shops  have  their  motive  power  in  one 
engine.  They  are  fitted  with  wood- working  tools  for  their  several  spe- 
cialties. 

The  testing-room  is  equipped  with  one  horizontal  Eiehld  testing-ma- 
chine ot  150,000  pounds  capacity ;  one  upright  Gill  testing  machine  of 
100,000  pounds  capacity }  and  one  upright  hydraulic  testing  machine  of 
the  Emery  pattern  of  300,000  pounds  capacity,  with  all  the  latest  im- 
provements in  tension,  compression,  or  bending ;  one  Thurston^s  auto- 
graphic torsion  testing  machine;  one  wire  testing  machine;  an  oil  tester; 
supplied  with  power  by  a  15-horse-power  engine ;  improved  instruments 
for  accurate  measuring ;  balance  for  specific  gravity  determinations,  &c. 

There  is  also  an  annealing  and  tempering  furnace  with  bending  ma- 
chine. 

The  company  own  in  fee-simple  51,423  acres  of  mineral  land,  and 
have  leased  1,000  acres  of  Connellsville  coking  land,  on  which  are  five 
hundred  coke  ovens. 

The  Johnstown  coal-mines  have  a  capacity  of  300,000  tons  of  coal  per 
year.  The  mining  face  is  3  miles  broad  and  6  miles  square.  The  Ben- 
nington mines,  on  the  summit  of  the  Alleghenies,  produce  110,000 
tons  of  good  coking  coal.  The  Frankstown  fossil  ore  mines  yield  30,000 
tons  annually,  45  per  cent,  of  which  is  metallic  iron.  The  Springfield 
mines  consist  of  four  sections  of  an  extensive  hematite  ore  range,  and 
have  produced  45,000  tons  of  good  Bessemer  ore  yearly.  The  last- 
named  mines  ai-e  within  50  miles'  radius  of  Johnstown. 

The  company  has  also  extensive  possessions  in  Michigan,  in  the  Me- 
nominee regioD,  which  produce  350,000  tons  of  Bessemer  ores  yearly. 

The  limestone  quarries  are  located  s^t  Henrietta  and  Hollidaysburg, 
Pa.    •    •    • 

TJie  Oautier  Steel  Company^  Limited^  was  established  at  Johnstown  in 
1878.  It  was  purchased  by  the  Cambria  Iron  Company  in  1881.  and 
became  one  of  Its  branches^  assuming  the  title  of  <^  Gautier  Steel  De- 
partment.'' Its  works  consist  of  a  large  wire  mill,  a  steel-rolling  mill, 
and  a  barbed  wire  mill.  Connected  with  the  rolling-mill,  and  under 
the  same  roof,  are  the  spring,  rake,  finger  bar,  cold-rolled  shafting,  har- 
row-tooth, plow,  and  finished  plow  shape  departments.  The  total  ar^a 
covered  with  buildings  is  a  little  over  6  acres.  The  wire  mill  covers 
an  area  of  97,850  square  feet,  and  the  departments  are  as  follows :  Fine 
wire  room,  fence  mill,  wet  wire  room,  galvanizing  room,  tinning  room, 
and  staple  room.  The  mill  is  fully  equipped  with  acid  tanks,  cleaning 
tubs,  bakers,  annealers,  mufflei*8,  drawing  blocks,  galvanizing  and  tin- 
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ning  baths,  wire  pointers,  and  straightening,  catting,  twisting,  and 
staple  macnines.  It  prodnces  all  kinds  of  market  wire,  annealed, 
bright,  spring,  coppered,  tinned,  and  galvanized,  for  every  purpose. 
The  annual  capacity  for  fence  wire  alone  is  30,000  tons. 

The  mill  is  snpplied  with  steam  by  a  battery  of  twelve  60-inch  tubu- 
lar boilers. 

The  barbed  wire  mill  covers  an  area  of  23,550  square  feet,  and  power 
is  furnished  by  an  engine  22  by  48  inches,  making  sixty-five  revolutions 
per  minute.    It  has  a  capacity  of  3,500  tons  per  annum. 

The  rolling-mill. — ^No.  1  is  a  9-inch  train,  driven  by  a  Porter- Allen  en- 
gine 13  by  24  inches,  making  two  hundred  and  thirty  revolutions  per 
minute.  It  is  used  for  tires,  knife  backs,  nail  rods,  rivet  steel,  and 
machinery  rounds. 

The  rod  mill  rolls  a  billet,  1^  inches  square,  into  a  No.  5  wire  rod  in 
eleven  passes.  The  capacity  of  the  mill  is  50,000  pounds  per  turn.  It 
is  driven  by  a  Porter- Allen  engine  24  by  42  inches,  with  a  15-foot  fly- 
wheel weighing  17  tons,  and  carries  a  48-inch  double  belt  traveling  at 
the  rate  of  1^  miles  i>er  minute. 

No.  3  train  is  12  inches,  3  high,  driven  by  a  vertical  engine  26  by  24 
inches.    Its  product  is  toe  calks,  springs,  hoe,  rake,  fork,  axle  steel,  &c. 

No.  4  train  is  12  inches,  3  high,  driven  by  an  18  by  30  inch  engine. 
It  produces  toe  calks,  light  angles,  hoop,  harrow,  hexagon,  and  hinge 
steel. 

No.  5  train  is  20  inches,  2  high,  driven  by  an  engine  30  by  48  inches. 
It  is  used  for  plow  slabs  and  shovel  steel,  and  has  a  capacity  of  250 
tons  weekly. 

The  finger-bar  train  is  20  inches,  2  high,  driven  by  an  engine  14  by 
20  inches. 

Twelve  furnaces  supply  stock  to  the  various  trains. 

The  spring  shop  has  a  complete  outfit  of  furnaces  and  machinery  for 
manufacturing  railroad,  car,  elliptic,  Concord,  platform,  truck,  phaeton, 
and  coach  sjprings.    Its  annual  capacity  is  1,500  tons. 

The  rake  shop  is  fully  supplied  with  tempering  and  retort  furnaces, 
and  all  the  necessary  appliances  for  the  successful  manufacture  of  horse- 
rake  teeth  and  has  a  capacity  of  100.000  sets,  or  2,000,000  teeth  per 
annum. 

The  finger-bar  department  has  a  complete  outfit  of  planers,  punches, 
cutting-off  machmes,  testing  and  straightening  apparatus,  and  a  large 
tempering  furnace.    The  annual  capacity  is  125,000  bars. 

The  plow  shop  is  fully  equipped  with  large  and  special  shears,  and 
has  an  annual  capacity  of  10,000  tons. 

The  plant  of  the  finished  plow  department  is  complete  in  every  par- 
ticular, and  is  composed  of  special  steam  drops,  steam  hammers,  heat- 
ing furnaces,  and  a  fully  equipped  polishing  department.  The  annual 
capacity  is  5,000  tons. 

The  mechanical  department  comprises  the  pattern  shop,  blacksmith 
shop,  and  machine  shop. 

The  machine  shop  is  two  stories  in  height ;  the  lower  story  is  occupied 
by  the  large  tools,  and  the  upper,  which  is  reached  by  an  elevator,  is 
used  for  repairing  tools  and  a  lighter  class  of  work.  It  contains  lathes, 
drill  presses,  shapers,  planers,  &c.,  and  is  driven  by  a  10  by  12  inch 
double  engine,  making  one  hundred  and  sixty  revolutions  per  minute. 

The  blacksmith  shop  is  furnished  with  two  iron  cranes  serving  three 
fires,  eight  forges,  and  one  steam  hammer. 

In  addition  to  the  above  facilities  for  turning  out  work,  the  depart- 


ORDNANCE   AND   WAR   SHIPS.  299 

ment  has  a  storehouse  43  feet  by  237  feet^  having  a  capacity  for  over 
3,000  tons  of  wire  and  merchant  steel. 

The  summarized  capacity  of  the  Oautier  steel  department  per  annum, 
Ib  as  follows : 

Net 


Wire 

Bftrbedwire 

Kollioe-mill 

Plow  BnapeB  and  slabs 

Finished  plow  steel 

Carriage  and  railway  spiix&gs 

Harrow  teeth 

Cold  roUed  steel 

Horse-rake  teeth : 

Sets 

Teeth 

Finger-bars 

Total  nmnber  of  employ^  of  the  Cambria  Iron  Company . 


45,000 

3,600 

40,000 

10,000 

S.000 

1,500 

600 

2.500 


100,000 

2,000,000 

126,000 

8,225 


The  Chairman.  Are  you  enlarging  your  plant! 

Mr.  J.  Morgan,  Jr.  We  are  extending  our  plant  by  rebuilding  blast 
furnaces  on  most  modem  types,  adding  a  heavy  roll  train  and  other  im- 
provements. 

Mr.  MoRaAN.  What  ores  are  used  by  the  Cambria  Company  in  pro- 
ducing the  iron  from  which  their  steel  is  made  1  Are  these  good  steel 
ores  and  do  they  yield  good  steel  of  the  several  descriptions  now  in 
common  use  f  Is  the  steel  made  by  the  Cambria  Company  suitable  for 
making  guns  of  high  power,  and  ship  and  armor  plates  t 

Mr.  J.  Morgan,  Jr.  The  ores  from  the  mines  previously  named  are 
used.  The  Lake  Superior  ores  are  good  Bessemer  ores  and  come  from 
four  of  our  own  mines  at  Vulcan,  Cyclops,  Norway,  and  Quinnesec. 
Springfield  is  also  a  fair  Bessemer  ore.  The  Vulcan  and  Cyclops  ores, 
when  selected,  are  unusually  good,  and  pig  of  these  ores,  when  dephos- 
phorized, will  make  steel  of  phosphorus,  as  low  as,  or  lower  than,  the 
best  Swedish  pig.  Steel  of  this  grade  of  purity  is  what  is  needed  for 
guns  and  armor  plates. 

All  grades  of  steel  are  made  at  our  works  from  the  above-named  ores, 
and  our  reputation  for  quality  of  stock  is  good. 

The  Chairman.  Have  you  at  any  time  been  requested  by  any  Gov- 
ernment to  supply  steel  shafts,  engines,  boilers,  ship-plates,  guns  or 
armor,  or  steel  for  same  f 

Mr.  J.  Morgan,  Jr.  The  Cambria  Iron  Company  have  been  asked  to 
supply  gun  forgings,  shafting,  and  armor,  but  have  no  suitable  forging 
machinery  for  heavy  pieces  of  steel. 

Mr.  Morgan.  What  is  the  weight  of  the  largest  steel  casting  that 
has  been  made  by  the  Cambria  Company  f  What  are  the  weight  and 
dimensions  of  the  largest  steel  ingot  that  the  Cambria  Company  can 
hammer  or  roll  with  its  present  machinery  t 

•  Mr.  J.  Morgan,  Jr.  We  have  made  castings  of  steel  up  to  15  tons 
weight.  We  can  now,  if  required,  make  castings  up  to  30  tons;  and  a 
very  slight  change  in  our  plant  will  enable  us  to  bring  the  product  of 
all  three  furnaces  into  one  ingot,  which  will  give  upwards  of  45  tons  of 
steel.  We  roll,  daily,  ingots  weighing  2^  tons,  and  this  weight  might  be 
increased,  say  10  to  15  tons,  in  our  new  blooming  mill.  As  our  largest 
hammer  is  but  of  7  tons  weight  we  have  never  attempted  large  steel 
forgings.    We  feel  quite  confident  the  hammers  heretofore  us^  upon 
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Bteely  in  this  country,  have  been  too  light,  and  the  large  forgingn  hnvt^ 
not  been  satisfactory. 

Mr.  Morgan.  What  is  the  ordinary  percentage  of  phosphoras,  sul- 
phur, and  silicon  in  the  steel  made  by  the  Cambria  Company  from  the 
ores  taken  from  its  mines  f 

Mr.  J.  Morgan,  Jr.  The  ordinary  run  of  Bessemer  steel  is : 


Carbon,  i  lOT. 

1 

SI. 

S. 

PH. 

K^il  .  _  . 

.30  ;    .90 
.05       .40 

Tnceto.03 
Ti»ce. 

.oe 

.04 

.00 

Soft 

05 

These  are  made  from  our  own  pig  of  ordinary  Bessemer  quality. 
The  ordinary  run  of  open  hearth  steel  is : 


Carbon.     MN. 


Spring  steel. 
Soft 


.80      .60 
.  10  I    .30 


81. 


Trace. 


.08       .05 


PH. 


.076 
.   04 


These  are  made  from  our  own  pig  of  our  own  selected  ores. 
Our  special  open-hearth  steel  from  metal  dephosphorized  m  washing 
furnace: 


Spring  steel. 
Soft 


Carbon. 


1.10 
.05 


HN. 


81. 


Traoe. 


.05 


pa 


.02 
.02 


Mr.  Morgan.  What  do  you  consider  the  highest  percentage  of  each 
of  these  in^rredients  that  is  admissible  in  steel,  suited  for  guns  of  high 
power  and  for  ship  plates  and  ship  armor  t 

Mr.  J.  Morgan,  Jr.  The  quality  we  call  special  open  hearth  should 
be  used  in  gun  metal  and  armor  plates,  or  phosphorus  and  sulphur 
should  be  each  below  .03  and  silicon  below  .05.  For  ship  plates,  these 
grades  are  unnecessarily  pure ;  and  phosphorus  .06  to  .08,  sulphur  .06, 
silicon  .10,  will  give  qualities  fully  up  to  the  present  Government 
specifications  of  physical  qualities,  which  qualities  are  certainl}"^  good 
enough. 

Mr.  Morgan.  Does  the  Cambria  Company  use,  or  has  it  used,  any 
method  of  washing  iron  with  iron  oxide  to  eliminate  the  phosphorus  f 
State  with  what  success  this  has  been  done,  and  whether  it  is  a  costly 
process.  Any  facts  you  may  state  in  this  connection  will  be  interesting 
and  valuable  in  this  investigation,  as  tending  to  show  whether,  and  by 
what  means,  metal  that  has  an  excess  of  phosphorus  can  be  relieved  of 
it  so  as  to  make  good  steel. 

Mr.  J.  Morgan,  Jr.  The  Cambria  Company  has  in  use  a  dephosphor- 
izing process,  which  consists  in  washing  the  molten  pig  metal  in  a 
basic  hearth  of  iron  oxide ;  about  three-fourths  of  the  phosphorus  can 
be  removed.  It  is  a  process  which  will  pay  for  making  a  high  grade  of 
steel.  We  have  washed  continuously,  for  some  months,  several  thou- 
sand tons  of  various  grades.  The  commercial  success  of  the  process  de- 
pends upon  the  relative  cost  of  very  pure  and  moderately  pure  ores,  or 
pig,  at  the  manufacturing  point. 
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Mr.  MoBOAN.  Please  to  describe  in  a  general  way  the  open-hearth 
rotary  furnaces,  ased  in  the  Oambria  Works  for  making  steel,  and  state 
what  advantage  there  is  in  making  open-hearth  steel  in  snch  furnaces. 

Mr.  J.  Morgan,  Jr.  The  Pemot,  or  rotary,  furnaces  have  already  been 
mentioned.  Each  consists  of  the  regenerative  parts  of  a  Siemens  open- 
hearth  furnace.  The  melting  bed  is  a  shallow  cylindrical  patf,  revolv- 
ing about  its  vertical  axis.  The  axis  is  slightly  inclined,  which  gives  a 
a  deep  bath  of  metal  on  one  side  and  a  shallow  bath  on  the  other. 
The  effect  of  rotating  the  bed  is  to  cause  the  molten  bath  to  How  around 
and  across  the  hearth,  thoroughly  stirring  it.  The  advantage  of  this 
rotation  is  that  the  deoxidation  is  quicker,  and  that  the  gases  are  better 
worked  out  of  the  bath  than  can  be  done  in  a  stationary  hearth.  The 
furnace  also  has  the  advantage  of  a  hearth  and  ports  that  are  quickly 
and  easily  repaired. 

Mr.  Morgan.  You  have  seen  the  basic  process  of  making  steel  so  as 
to  eliminate  phosphorus.  What  is  your  opinion  as  to  the  practica- 
bility of  making  large  quantities  of  metal  with  that  process  in  several 
furnaces,  so  as  to  get  from  all  a  good  and  homogeneous  steel!  Can  this 
basic  process  be  used  to  advantage  in  the  Bessemer  converter,  either 
stationary  or  rotary! 

Mr.  J.  Morgan,  Jr.  I  have  seen  the  basic  process  at  work  in  many 
Bessemer  works ;  it  has  also  been  tried  in  the  open  hearth,  but  not  to 
any  considerable  extent,  and  I  am  not  fully  conversant  with  the  experi- 
ments in  that  direction;  in  the  present  state  of  my  knowledge  I  should 
prefer  to  work  the  ordinary,  or  acid,  open-hearth  furnace,  and  get  stock 
of  the  requisite  purity  by  selection  or  some  previous  purifying  process. 
If  the  question  means  ^^  would  I  undertake  to  combine  the  products  of 
several  basic  converters  into  one  ingot,  to  get  a  good,  sound,  and  hom- 
ogeneous ingot,"  I  would  answer  no.  The  basic  process  can  be  used  to 
advantage  in  the  Bessemer  converter,  for  ordinary  products,  where  the 
price  of  pig  is  favorable.  The  common  difference  of  price  of  converting 
by  acid  and  basic  processes  is  from  $2  to  $3.50  per  ton  of  ingots,  depend- 
ing on  price  of  labor  and  materials^  The  basic  process  therefore  requires 
a  cheaper  pig  than  ordinary  Bessemer. 

Mr.  Morgan.  What  iron  and  steel  works  in  England  or  Europe  have 
you  recently  examined  ! 

Mr.  J.  Morgan,  Jr.  In  order  to  answer  intelligently  the  questions  of 
the  Gun  Foundry  Board  relative  to  the  manufacture  of  gun  and  other 
heavy  forgings,  I  visited  many  of  the  principal  iron  and  steel  works  in 
Great  Britain,  Westphalia,  Belgium,  and  France.  Also  several  manufac- 
tories of  guns  and  shops  considered  advanced  in  steel  construction 
during  a  four  months'  tour  in  those  countries.  These  included  Welsh, 
Middlesboro,  Sheffield,  and  Oumberland  districts,  in  Great  Britain. 

Mr.  Morgan.  What  conclusions  have  you  reached  as  to  the  relative 
advantages  of  the  steam  hammer  and  the  hydraulic  press  or  forge  in 
working  large  masses  of  steel  into  guns  or  shafts  or  other  heavy  manu- 
factures ! 

Mr.  J.  Morgan,  Jr.  I  am  clearly  of  the  opinion  that  steam  hammers  of 
large  size  must  give  way  to  the  hydraulic  forging  press  for  guns,  shafting, 
and  armor  plates. 

Mr.  Morgan.  What  would  be  the  comparative  cost  of  a  steam  hammer 
of  100-tons  weight  of  blow  or  impact,  and  a  hydraulic  press  of  equal 
power! 

Mr.  J.  Morgan,  Jr.  In  a  hammer,  the  work  done  depends  on  the  veloc- 
ity of  a  falling  weight,  and  the  pressure  exerted  on  the  material  upon  the 
space  traveled  by  falling  parts  of  the  hammer;  it  being  brought  to  rest, 
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much  of  the  energy  of  the  hammer  is  wasted  in  knocking  itself  to  pieces. 
Both  the  large  hammers  at  St.  Ghamond  and  Oreosot  are  single  acting, 
as  their  experience  leads  them  to  believe  that  a  large  mass  falling  slowly 
I>enetrates  the  steel  fhrther  than  a  lighter  tap  driven  by  steam  at  higher 
velocity. 

Oalcnlations  involving  the  comparison  of  hammers  of  different  weights, 
and  with  different  steam  pressores  used  on  top  of  pistons  to  give  Affer- 
ent velocities,  involve  many  difficulties  in  getting  data  correctly.  The 
question  can  only  be  settled  practically ;  and  an  authority  in  whose 
judgment  and  knowledge  I  have  the  utmost  confidence  assures  me  that 
a  press  of  2,500  to  3,000  tons  equals  in  forging  capacity  a  100-ton  ham- 
mer. I  am  convinced  of  this  from  my  own  observation  of  the  forging- 
press  and  the  two  heaviest  hammers  in  existence.  Taking,  therefore, 
a  100-ton  hammer  as  against  a  3,000-ton  press,  it  may  be  said  that  the 
hammer  is  much  more  costly  in  the  first  place — say  from  50  to  100  per 
cent,  more — ^and  the  repairs  would  be  greater. 

Mr.  Morgan.  Gould  such  a  press  be  built  at  the  Gambria  works  with 
suitable  tools,  and  could  such  tools  be  made  there  f 

Mr.  J.  Morgan,  Jr.  We  have  the  necessary  information  to  build  such 
a  press  at  the  Gambria  works,  with  all  its  appurtenances. 

Mr.  Morgan.  What  are  the  advantages  of  fluid  or  liquid  compression 
in  casting  heavy  ingots  or  other  shapes  of  steel  f 

Mr.  J.  Morgan,  Jr.  The  advantage  of  fluid  compression  is  to  make 
the  ingot  more  solid  or  fi'ee  from  blow-holes.  It  has  been  applied  with 
advantage  at  Whitworth's,  England,  and  at  Aboukhoff,  Bnssia.  It  is 
possible  some  other  means  may  be  found  to  accomplish  the  same  result. 
The  only  one  known  to  me  at  present  is  a  large  sink-head. 

Mr.  Morgan.  Gan  this  method  of  hydraulic  compression  be  relied 
upon  to  remove  occlusions  of  gas  from  large  masses  of  steel  in  casting  f 

Mr.  J.  Morgan,  Jr.  How  far  this  fluid  compression  can  be  relied  on 
to  produce  this  effect  every  time  and  how  many  failures  there  are  in 
the  ox)eration,  I  had  no  opportunity  to  find  out. 

Mr.  Morgan.  How  does  it  compare  with  the  method  of  stirring  or 
rabbling  the  molten  metal  in  a  rotary  open-hearth  ftimace  in  respect 
of  freeing  the  metal  from  blow-holes  t 

Mr.  J.  Morgan,  Jr.  Babbling  in  the  furnace  can  only  remove  the  gas 
from  the  bath  there.  It  may  form  in  tapping  or  in  the  ladle  or  in  the 
mold. 

Mr.  Morgan.  What  would  be  the  chief  difficulty  in  using  the  method 
of  liquid  compression  upon  a  casting  of,  say,  100  tons  f 

Mr.  J.  Morgan,  Jr.  I  consider  the  chief  difficulty  in  fluid  compression 
to  be  the  great  cost  of  the  apparatus  and  the  costly  molds  required  to 
stand  the  pressure.  An  ingot  of  100  tons  would  be  about  05  inches  in 
diameter  and  21^  feet  long.  You  can  judge  that  the  mold  would  be 
costly  to  safely  hold  the  molten  material  under  great  pressure.  - 

Mr.  Morgan.  In  making  a  steel  casting  for  a  gun  of  50  or  100  tons, 
would  you  prefer  Bessemer  or  open-hearth  steel,  and  why  f 

Mr.  J.  Morgan,  Jr.  I  would  prefer  to  make  a  casting  of  50  to  100 
tons  of  open  hearth  steel.  There  would  be  great  difficulty  in  getting 
60  to  100  tons  of  Bessemer  steel  ready  to  pour,  all  at  the  same  time.  It 
would  take  three  17  or  five  10-ton  converters  for  a  casting  of  50  tons, 
and  six  17-ton  converters  for  one  of  100  tons,  with  engines  sufficient  to 
blow  all  these  heats  at  once,  in  order  that  all  the  material  might  be  of 
about  the  same  temperature  when  poured.  If  some  heats  were  cold 
and  some  hot  they  would  not  mix  well.  Aside  from  this  difficulty  the 
open-hearth  steel,  of  same  carbon,  and  made  from  same  pig,  is  more 
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dactile  than  Bessemer.  This  proceeds  fix>m  the  fact  that  it  requires  less 
manganese,  that  it  is  less  gaseoas,  and  makes  a  more  solid  ingot.  It  is 
more  homogeneous. 

Mr.  Morgan.  If  Congress  shonld  farnish  a  market  for  a  considerable 
number  of  gnns  of  the  heaviest  known  patterns,  say  fifty,  to  be  built 
within  five  years,  and  for  other  guns  of  less  power,  and  for  ship  plates, 
and  armor  plates,  and  engines  for  twenty  first-class  steel  war  ships, 
could  the  Cambria  works  do  the  entire  work  of  providing  the  necessary 
material  qf  the  best  quality,  with  its  present  financial  abilities  f  *  Could 
the  material  be  furnished  from  the  iron  ores,  manganese  ores,  fluxes, 
and  fuel  of  native  production  in  the  United  States  f  Could  all  the  tools 
needed  for  the  work  be  made  at  the  Cambria  works  f 

Mr.  J.  Morgan,  Jr.  I  assume  fifty  guns  of  very  high  power  would  cost 
at  least  $5,000,000  and  would  weigh  5,000  tons.  Twenty  large  vessels 
would  probably  each  cost  about  12,000,000,  and  require  6,000  to  8,000 
tons  of  material,  or  the  total  amount  of  tne  contract  would  be  145,000,000 
and  200,000  tons  of  material^about  $9,000,000  and  40,000  tons  mate- 
rial per  annum.  I  believe  Cambria  is  financially  able  to  handle  a  con- 
tract of  that  amount.  It  is  far  below  our  present  tonnage.  This,  I 
think,  is  the  best  evidence  that  can  be  given  of  our  financial  ability  to 
handle  a  large  contract.  The  material  can  all  be  made  from  ores,  fuels, 
and  fluxes  produced  in  the  United  States.  All  the  tools  needed  can 
be  made  in  the  United  States.  As  machine  tools  are  a  specialty  and 
would  be  needed  soon,  we  would  not  undertake  to  make  these  in  our 
own  shops.    We  could  buy  them  of  American  tool  builders.* 

The  Chairman.  Have  you  any  tools  or  implements  for  the  manu- 
facture of  guns  similar  to  those  cited  in  the  Gun  Foundry  Board's  re- 
port, pp.  40  to  44 1 

Mr.  J.  Morgan,  Jr.  We  have  no  plant  for  the  manufacture  of  guns 
or  heavy  forgings,  beyond  the  furnaces  for  melting  the  steel  to  cast  into 
ingots. 

The  Chairman.  Can  you  manufEMsture  such  tools  equal  in  power,  at 
the  cost  mentioned  therein,  and  how  much  time  would  you  require  to 
furnish  themi 

Mr.  J.  Morgan,  Jr.  We  have  estimated  upon  the  cost  of  such  tools, 
after  a  careful  examination  of  the  subject,  and  the  estimate  of  the  Gun 
Foundry  Board  is  a  close  approximation  for  a  plant  of  the  size  given. 
Such  a  plant  would  require  two  or  three  years  to  build  and  get  into 
active  operation.  We  have  sufficient  information  to  build  such  a  plant, 
and  the  tools  for  the  forging  of  guns. 

Mr.  Morgan.  How  do  our  machine  tools  compare  in  design  and 
workmanship  with  those  you  have  examined  in  other  countries  t 

Mr.  J.  Morgan,  Jr.  In  design  and  workmanship,  the  tools  of  several 
American  builders  are  equal  or  superior  to  any  to  be  had  abroad.  The 
special  class  of  tools  needed  for  gun  work  has  not  received  attention 
here,  because  there  has  been  no  market  for  them.  They  are  different 
from  lathes  and  machines  already  built  here  only  in  being  very  largo 
and  powerful,  and  specially  adapted  to  gun  work.  Large  tools  for  ma- 
rine engine  work  already  exist  in  this  country,  and  would  only  require 
duplication.  Some  very  fine  and  well-built  tools  of  American  build 
are  in  the  machine-shops,  now  doing  a  heavy  class  of  work  in  this 
country. 

The  Chairman.  Have  we  the  material,  plants,  and  experience  re- 
quired to  produce  any  quality,  dimensions,  and  quantity  of  steel  suit- 
able for  the  construction  of  modern  armored  vessels  and  the  fabrication 
of  modem  heavy  ordnance  f 

*  See  page  182.    <0ha1mi>n.) 


304 


ORDNANCE   AND   WAR   SHIPS. 


Mr.  J.  Morgan,  Jr.  We  have  the  material ;  we  have  not  the  planti,  nor 
as  yet  aU  the  experience  necessary.  Nor  can  we  get  tike  experience  till 
we  work  the  plants.  I  believe  we  will  succeed  in  producing  material 
of  the  quality  and  dimensions  required. 

Mr.  Morgan.  Do  you  know  of  any  &ct  that  stands  in  the  way  of  our 
capacity  to  build  our  own  guns  of  high  power,  and  our  own  ships  en- 
tirely from  material  to  be  found  in  the  United  States  f 

Mr.  J.  Morgan,  Jr.  I  know  of  nothing  to  prevent  our  liuilding  guns 
of  high  power  except  the  lack  of  forging  capacity.  The  building  of  a 
forging  plant  requires  a  great  outlay  of  money,  and  there  must  be  some 
guarantee  that  such  a  plant  will  have  profitable  work  before  manufact- 
urers will  build  it.  Both  these  guns  and  all  material  for  our  ships  can 
be  made  from  ores,  fuels,  and  fluxes  which  exist  and  are  now  worked 
in  the  United  States.  Vessels  have  been  built  of  steel  throughout,  of 
American  design,  material,  and  workmanship,  not  inferior  to  the  best 
done  abroad. 

Mr.  Morgan.  And  do  you  know  of  any  want  of  skill  or  ability  amongst 
American  mechanics  and  engineers  to  prevent  the  work  from  being  as 
well  done  here  as  it  could  be  done  in  any  foreign  country  t 

Mr.  J.  Morgan,  Jr.  There  has  been  a  lack  of  demand  for  such  vessels 
at  prices  that  would  pay  American  constructors  to  build  them,  but  no 
want  of  skill  or  ability  among  American  mechanics  or  engineers  to  com- 
pass any  work  and  do  it  as  well  as  it  can  be  done  in  any  foreign  country. 

Mr.  Morgan.  What  is  now  the  annual  production,  in  tons,  of  steel 
of  all  descriptions,  at  the  Cambria  works ;  and  how  much  of  each  de- 
scription is  annually  made  at  said  works  t 

Mr.  J.  Morgan,  Jr.  The  annual  production  of  ingots,  with  a  good 
market,  can  be  carried  up  to  240,000  tons  with  present  facilities.  The 
quantities  of  steel  marketed  are  somewhat  less,  as  there  is  waste  of  ma- 
terial in  the  subsequent  processes  of  manufacture. 

We  have  a  possible  output  of  120,000  tons  steel  rails ;  36,000  tons  wire 
rods ;  40,000  tons  merchant  steel ;  total,  196,000  tons. 

Mr.  Morgan.  Please  to  give  analyses  of  the  steel  ores  most  generally 
used  in  the  Cambria  works. 

Mr.  J.  Morgan,  Jr.  We  use  for  making  our  special  steels  a  very  pure 
ore,  mined  in  the  Lake  Superior  region,  at  the  Cambria  Iron  Company's 
mines,  on  the  Menominee  Range,  Michigan.  For  rail  steels,  we  mix  these 
ores  with  the  Spriogfleld  and  Bloomfleld  hematites,  mined  by  the  com- 
pany in  Blair  County,  Pennsylvania.  These  hematites  were  used  in 
making  Eodman  guns  some  years  ago. 

The  Menominee  ores  analyze : 
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For  special  pigs,  to  be  low  in  phosphorus,  we  use  all  Cyclops  ore, 
which  gives  pig  containing  not  more  than  .04  to  .05  per  cent,  of  phos- 
phorus, and  from  which,  by  washing  in  the  dephosphorizing  furnace, 
we  can  make  a  pig  containing  .01  to  .008  phosphrus. 

The  Chairman.  In  the  manufacture  of  steel,  to  what  chemical  and 
mechanical  tests  do  you  subject  itt 
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Mr.  J.  MoBOANy  Jr.  We  sabjeot  th«  steel  to  chemioel  analysts  to  de- 
termine its  pnrity,  and  to  physical  tests  to  determine  its  physical 
qualities. 

The  Chaibman.  By  whom  is  this  donet 

Mr.  J.  MoBGAN,  Jr.  This  is  done  in  oar  chemical  and  physical  labora- 
tories by  experts  in  those  branches. 

The  Ohaibman.  What  telting  machine  do  you  consider  the  most 
effective  for  the  work  required  in  the  production  of  suitable  steel  for 
war  vessels  and  heavy  ordnance,  and  your  reasons  therefor  f 

Mr.  J.  MoBGAN,  Jr.  After  some  experience  with  lever  machines,  we 
have  ordered  an  Emery  machine  as  the  most  accurate  and  durable^  As 
we  have  not  yet  put  it  to  work,  we  have  no  experience  with  it.  My 
reason  for  believing  it  to  be  the  most  accurate  and  durable  is  that  it  is 
without  knife-edges  to  wear,  and  thereby  alter  the  performance  of  the 
machine. 

The  Ghaibman.  By  what  method  can  the  Government  best  be  sup- 
plied with  guns  and  armor  t 

Mr.  J.  MoBGAN,  Jr.  I  believe  the  Government  can  be  best  served  by 
such  liberal  encouragement  to  steel  manufacturers  as  would  induce 
them  to  build  plants  to  forge  the  gun  materiaL  I  think  the  Gun  Foun- 
dry Board's  view  of  this  matter  is  a  good  one,  viz.,  to  buy  the  forgings 
firom  private  manufacturers  and  do  the  finishing  and  assembling  at 
Government  shops.  It  must  be  remembered  that  the  large  plant  re- 
quired to  forge  guns  can  only  be  employed  in  the  speciality  of  heavy 
steel  forgings,  and  no  one  can  enter  this  business  without  the  security 
of  a  contract  of  large  size.  On  the  other  hand,  to  secure  the  Govern- 
ment, the  payments  to  private  parties  should  only  be  for  accepted  ma- 
terial that  has  passed  the  required  test. 

The  Ohaibman.  What  is  your  opinion  of  the  comparative  cost  of 
supply  (a),  wholly  in  Government  works  j  (6),  partly  in  such  works 
and  partly  by  contract  with  private  builders,  or  (o),  wholly  in  private 
works  f 

Mr.  J.  MoBGAN,  Jr.  In  answering  this  question  I  can  only  base  my  opin- 
ion on  the  history  of  the  art  of  to-day.  The  only  Government  hereto- 
fore supplied  exclusively  from  its  own  factory  is  the  Russian,  which 
makes  ingots  and  forgings  and  finishes  guns  at  Aboukhoff.  Accord- 
ing to  newspaper  reports  it  has  recently  given  Krupp  an  order  for  2,000 
guns.  This  seems  to  be  an  evidence  of  the  failure  of  supply  from  the 
Bassian  Government  works.  Again,  the  Woolwich  Arsenal  has  totally 
failed  to  supply  England  with  artillery  equal  to  modem  requirements. 
The  English  nation  to-day  depends  for  large  gun-forgings  upon  Whit- 
worth  alone.  Armstrong,  Gammell,  Vickers,  and  others  are,  however, 
rapidly  developing  forging  plants.  The  supply  from  private  establish- 
ments in  England,  now  that  the  Government  is  willing  to  use  steel  and 
buy  it,  will  soon  be  equal  to  the  demands  of  the  Government.  The 
arsenal  will  make  up  the  guns  as  fast  as  the  material  can  be  furnished. 
These  two  failures  of  Government  establishments  may  be  studied  in 
comparison  with  the  present  condition  of  the  French  nation,  which  has 
two  magnificent  private  forges,  viz.,  Le  Creusot,  with  a  100  ton,  and  St. 
Chamond,  with  an  80-ton  hammer.  The  Oreusot  works  is  the  only  concern 
so  far  that  has  produced  a  steel  armor-plate.  The  French  Government, 
with  the  most  splendid  artillery  in  Europe,  have  made  most  of  it  within  the 
last  ten  years,  forging  it  in  private  forges,  and  finishing  it  in  the  Govern- 
ment shops.  This  system  has  worked  well.  The  only  first-rate  power  in 
the  world  supplied  wholly  by  private  makers  is  Germany.  I  incline  to 
the  opinion  that  the  large  guns  forged  by  Erupp  under  his  small  40 
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or  do  ton  hammer  will  not  eqaal  the  French  forgings,  and  that  his  heavy 
gans  are  inferior  to  the  French.  As  he  finishes  the  gans,  however, 
there  most  be  less  opportunity  to  carefully  examine  the  forged  parts 
than  if  the  material  passed  out  of  his  hands.  As  to  relative  cost  of 
methods  a,  ft,  and  o,  I  think  the  Government  would  not  make  a  steel 
ingot  so  economically  as  a  private  works,  t  Making,  say,  from  ten  to 
twenty  thousand  tons  of  ingots  per  annum,  they  would  not  be  able  to 
provide  the  raw  material  so  cheaply  as  an  establishment  producing  ten 
times  as  much,  and  labor  being  confined  to  gun  ingots  only  would  be 
more  expensive  per  ton,  and  the  losses  for  waste  necessary  to  the  work- 
ing and  making  of  large  ingots  only  would  be  greater.  For  the  present 
I  believe  the  method  b  would  be  the  cheapest  for  the  Government,  for 
the  reason  that  the  heavy  and  costly  finishing  tools  necessary  could  only 
be  provided  with  work  upon  guns,  and  a  private  establishment  would 
require  a  very  generous  price  to  put  down  such  a  plant.  After  a  pri- 
vate establishment  had  developed  the  forging  business  sufficiently  and 
had  acquired  such  a  reputation  that  they  could  sell  guns  abroad,  as 
Krupp  and  Armstrong  do,  there  would  be  more  temptation  to  put  in  a 
gun-finishing  plant. 

The  Chairman.  In  case  of  divided  labor,  how  should  the  division  be 
madet 

Mr.  J.  MoRaAN,  Jr.  One  works  should  forge  and  rough-turn  and 
temper,  and  the  ouier  finish  the  gun.  The  division  can  l^t  be  made 
at  the  delivery  of  the  rough  turned  and  tempered  forging.  In  turning 
an  examination  and  inspection  of  the  soundness  of  the  forging  can  be 
made.  Physical  and  chemical  examinations  of  the  material  can  be  made 
at  the  same  time,  so  that  reasonable  assurance  can  be  given  that  ma- 
terial accepted  is  sound  and  of  proper  quality. 

The  Ghairhan.  Where  do  you  consider  the  best  location  for  such  a 
method  of  production! 

Mr.  J.  Morgan,  Jr.  For  military  reasons  the  location  should  not  be 
upon  the  exposed  seaboard,  where  a  foreign  enemy  might  seize  it  by  a 
sudden  attack.  The  plant  to  produce  ingots  and  forgings  should  be 
located  where  fuel  and  raw  material  are  reasonably  cheap  and  where 
there  is  a  supply  of  labor  skilled  in  steel  working  and  metallurgical 
operations.  I  would  accept  the  locations  selected  by  the  Gun  Foundry 
Board  for  gun-finishing  plant  for  the  reasons  given  in  their  report,  that 
if  the  question  of  selection  of  a  site  is  opened  local  jealousies  will  delay 
the  arming  of  the  Army  and  Navy. 

The  Chairman.  Is  there  any  reason  why  the  steel  manufactured  in 
the  United  States  should  not  be  restricted  to  the  manufacture  of  home 
material  1 

Mr.  J.  Morgan,  Jr.  I  can  see  no  objection  except  the  fact  that  restric- 
tion might  be  a  disadvantage  to  those  in  position  to  import  foreign  ores 
or  pig  to  their  own  advantage. 

The  Chairman.  Can  any  works  in  the  United  States  with  present 
plant  produce  any  grade  of  steel  that  would  probably  be  called  for  by 
Gx)vernment  specifications  for  guns  and  armor  equal  metallurgically  to 
foreign! 

•  Mr.  J.  Morgan,  Jr.  I  believe  the  Cambria  Works  can  with  ores  pro- 
duced in  this  country  make  steel  equal  in  purity  to  any  needed  for  guns 
or  armor. 

The  Chairman.  Under  existing  conditions  what  will  be  the  addi- 
tional cost  of  such  steel  as  compared  with  the  foreign  of  the  same  qual- 
ity laid  down  in  the  United  States  free  of  duty! 
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Mr.  J.  MoBOAN,  Jr.  The  records  of  the  Oovemment  ought  to  show 
the  price  abroad ;  American  manofactarers  should  be  paid  more. 

The  Ghaibican.  By  what  process  would  you  make,  and  to  what 
treatment  would  you  subject,  steel  for  modem  heavy  guns,  armor-plate, 
and  plates  for  boilers  and  ships  f 

Mr.  J.  MoBGAN,  Jr.  The  only  steel  now  considered  suitable  for  guns 
and  armor  and  boiler  plate  is  that  made  by  the  open-hearth  process. 
Forging  should  be  done  by  the  hydraulic  press.  The  manufacture  of 
armor  is  now  an  open  question,  but  1  think  it  will  eventually  be  decided 
in  favor  of  a  plate  compounded  of  hard  and  soft  steel.  For  large  and 
thick  plates  the  use  of  steel  means  a  more  powerful  forging  press  than 
any  yet  built  to  put  the  necessary  work  on  the  material. 

The  Chaibman.  In  the  production  of  such  steel,  with  equal  care  of 
manufacture,  can  as  good  results  be  obtained  by  washing,  &c.,  medium 
and  poor  ores  as  with  the  best  selected  material  t 

Mr.  J.  MoBGAN,  Jr.  I  do  not  think  good  results  can  be  obtained  by 
the  use  of  the  poor  ores.  The  average  of  good  Bessemer  ores  are  too 
high  in  phosphorus  for  gun  material.  From  a  good  Bessemer  pig,  by 
puddling  or  washing,  an  excellent  low  phosphorus  stock,  suitable  for  gun 
metal,  can  be  made.  Besults  can  be  obtained  in  this  way  equal  to  any 
obtained  by  selected  ores.  We  have  to  deal  with  phosphorus  in  the 
blast-furnace  coke  as  well  as  in  the  ore,  and  unless  dephosphorized  stock 
is  made,  very  expensive  pig  must  be  used. 

The  Chaibman.  Do  you  consider  proximity  to  natural  gas  an  advan- 
tage to  the  steel  manufacture  t 

Mr.  MoBGAN,  Jr.  The  natural  gas  is  undoubtedly  of  some  advantage 
if  the  supply  is  good  and  reliable. 

The  Chaibman.  What  is  your  opinion  as  to  its  comparative  reli- 
ability, sufficiency,  safety,  cost,  and  purity  with  other  fuels  t 

Mr.  MoBGAN,  Jr.  As  to  its  reliability  and  sufficiency,  it  may  be  said 
there  are  wells  existing  that  have  given  ofiF  gas  for  many  years.  No 
doubt  the  experience  with  oil  wells  will  be  repeated  with  gas  wells ; 
wells  have  failed  and  will  cease  to  flow.  To  keep  up  the  supply  of  gas 
new  ones  must  be  drOled  and  new  territory  developed.  The  gas  is  an 
excellent  fuel  of  great  purity ;  it  is  as  safe  to  handle  as  a  steam  boiler. 
Care  is  needed  to  avoid  accident.  Considering  the  cost  of  drilling 
wells  and  maintaining  pipes  it  is  probably  little  cheaper  than  coal  in 
many  localities. 

The  Chaibman.  Is  it  found  in  large  supply  in  the  vicinity  of  your 
works  t 

Mr.  J.  MoBGAN,  Jr.  It  is  found  within  forty  miles  of  our  works,  and 
proposals  have  been  made  to  pipe  us  a  supply. 

The  Chaibman.  Are  there  any  forges  in  the  United  States  capable 
of  properly  forging  steel  shafts  for  ships  of  more  than  1,500  tons,  and 
parts  of  modem  ordnance  heavier  than  6-inch  caliber! 

Mr.  J.  MoBGAN,  Jr.  I  do  not  consider  anything  less  than  a  fifty-ton 
hammer  can  do  justice  to  steel  in  forgings  of  the  sizes  needed  for  large 
guns  and  shafting,  and  for  the  largest  guns,  one  of  one  hundred  tons 
should  be  used. 

The  Chaibman.  Are  there  any  rolls  in  the  United  States  of  sufficient 
capacity  to  roll  armor-plate  of  more  than  2-iuch  thickness! 

Mr.  J.  MoBGAN,  Jr.  Judging  from  what  is  done  by  the  mills  now  mak- 
ing compound  plate  abroad,  armor  thicker  than  2  inches  might  be  rolled 
here. 

The  Chaibman.  Where  is  the  boundary  between  iron  and  steel  t 

Mr.  J.  MoBGAN,  Jr.  The  words  wrought  iron  and  steel  are  now  com- 
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monly  osed  in  this  coantry  to  distingoish  fibroas  metal  made  by  pad- 
dling or  some  bloomary  process,  which  is  wrought  iron,  and  a  crystal- 
line malleable  metal  made  by  casting  the  fluid  metal,  which  is  called 
steel.  A  grade  of  steel  is  also  made  by  a  paddling  process  which  Is  an 
exception  to  the  above  definition.  There  is  no  absolate  boundary- 
line  between  iron  and  steel.  Both  are  compounds  or  alloys  of  iron  with 
small  quantities  of  other  elements  of  various  kinds  and  variable 
amounts.    This  question  has  been  discussed  at  length  by  many  experts. 

The  Chairman.  At  what  stages  of  the  manufacture  are  blow-holes 
formed  f 

Mr.  J.  MoRaAN,  Jr.  Gases  are  doubtless  present  in  steel  at  all  tinies. 
Their  collection  in  visible  cavities  during  solidification  produces  blow- 
holes, so  called. 

The  Chairman.  Could  all  the  parts  of  a  100-ton  steam  hammer  be 
manufactured  in  the  United  States  f 

Mr.  J.  Morgan,  Jr.  Undoubtedly  they  could  be  made  in  the  United 
States,  and  as  well  as  anywhere. 

The  Chairman.  How  is  steel  tempered,  and  why  is  oil  generally  used 
instead  of  other  fluids  t 

Mr.  J.  Morgan,  Jr.  Steel  is  hardened  by  sudden  cooling  from  a  high 
heat.  This  is  done  in  various  ways,  and  it  is  tempered  by  slightly  heat- 
ing it  again.  Ordnance  and  armor  are,  I  believe,  universally  tempered 
by  dipping  them  into  an  oil  bath.  Oil  is  used  because  its  action  is  not 
so  sudden  as  water,  and  there  is  less  risk  of  cracking  the  steel. 

The  Chairman.  Why  is  not  petroleum  used  ? 

Mr.  J.  Morgan,  Jr.  If  a  petroleum  oil  of  high  fire-test  is  selected, 
I  see  no  reason  why  it  should  not  be  used.  Ordinary  petroleum  is  a 
mixture  of  oils,  including  some  that  are  very  volatile.  If  ordinary  {pe- 
troleum was  used  it  wquld  evaporate  rapidly  or  probably  burn.  Lin- 
seed or  cotton  seed  oils  stand  a  higher  temperature  before  igniting. 

The  Chairman.  In  what  way  is  the  quality  of  the  steel  improved 
by  working  and  treatment? 

Mr.  J.  Morgan,  Jr.  Forging,  if  properly  done,  increases  the  density 
of  steel  and  changes  the  character  of  the  metal  as  shown  in  the  fracture 
from  a  coarsely  and  irregular  crystalline  to  a  fine  and  uniform  texture. 
If  by  treatment  you  mean  oil-hardening,  this  raises  the  elastic  limit 
and  ultimate  strength  of  materials.  Subsequent  annealing  is  intended 
to  make  the  piece  of  uniform  hardness  and  take  out  local  strains  from 
the  sudden  cooling  or  hardening. 

The  Chairman.  Is  the  density  Increased? 

Mr.  J.  Morgan,  Jr.  The  density  is  increased  by  forging;  hardening 
slightly  decreases  the  density. 

The  Chairman.  In  what  part  of  the  United  States  are  the  most  8ui^ 
able  ores  to  be  found  for  the  manufacture  of  guns  and  ship  steel  f 

Mr.  J.  Morgan,  Jr.  In  all  the  large  iron  or  steel  producing  districts 
the  ore  is  brought  to  the  coal.  I  do  not  see  that  the  ore  locality  de- 
termines the  proper  point  of  establishing  Government  or  private  man- 
ufactories. Good  steel  ores  are  lound  in  large  or  small  deposits  in 
many  widely  separated  localities,  from  the  Atlantic  to  the  Pacific  coast. 
The  cost  of  haul  to  the  fuel  determines  their  value. 
•    Mr.  Morgan.  Please  give  a  record  of  tests  of  your  steel. 

Mr.  J.  Morgan,  Jr.  The  following  table  contains  a  tensile  test  report 
of  various  brands  of  Cambria  steel : 
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STATEMENT  OF  MR.  ROBERT  H.  LAMBORN. 

New  York,  December  16, 1884. 

Gentlemen  :  I  am  not  now  an  officer  of  the  Colorado  Goal  and  IroA 
Company,  but  as  former  managing  director,  and  as  the  officer  under 
whose  care  the  iron  and  steel  works  were  planned  and  brought  into 
operation,  I  may  give  you  the  following  general  information : 

Pueblo,  where  the  works  are  situated,  is  650  miles  from  Ogden,  which 
is  880  miles  from  San  Francisco,  a  total  of  1,530  miles  from  the  Pacific 
navy-yards,  2,000  miles  nearer  than  !N"ew  York,  so  that  steel  can  be  laid 
down  at  San  Francisco  at,  say,  1,600  miles  less  freight  than  from  the 
Pittsburgh  region,  where  it  is  produced  cheapest.  Pueblo,  at  1  cent 
per  ton  per  mUe,  has  an  advantage  of,  say,  from  $15  to  $20  per  ton  over 
eastern  locations. 

As  to  material  for  the  manufacture  of  steel,  the  mines  of  the  Colorado 
Coal  and  Iron  Company  produce  in  ample  quantities  the  best  steel  mak- 
ing ores.  There  are  from  600,000  to  800,000  tons  in  sight  at  one  mine, 
the  analysis  of  which  I  will  send  you,  all  of  which  would  make  cutlery 
steel. 

The  Crested  Butte  Mines,  200  miles  west  of  Pueblo,  on  the  railroad  to 
California,  are  now  producing  75  tons  of  coke  per  day  for  Utah ;  25  ad- 
ditional coke  furnaces  will  go  into  operation  next  month,  which  will 
give  112  tons  of  coke  per  day.  It  is  equal  to  the  best  Connellsville  or 
English  coke,  and  is  the  only  very  good  coke  west  of  the  Mississippi. 

The  iron  works  consist  of  a  blast  furnace  on  the  most  substantial 
plan,  65  feet  high ;  Bessemer  steel  converting  works  capable  of  pro- 
ducing, say,  300  tous  per  day ;  a  first-class  rail-rolling  mill ;  first-class 
puddle  furnaces  (Siemens) ;  a  first-class  rail-mill ;  bar,  spike,  and  splice 
works,  and  foundry. 

Excellent  refractories  and  fluxes  are  found  on  the  property,  and  the 
company  makes  its  own  spiegele^sen  from  Colorado  ores. 

The  tests  made  so  far  show  that  the  iron  and  steel  are  equal  to  the 
best  made  in  the  East. 
Yours,  very  truly, 

ROBERT  H.  LAMBORN. 

To  the  Select  Cammitteej  &c. 

New  York,  December  23, 1884. 
ROBBRT  H.  Lambork,  Esq.,  Citu: 

Dear  Sir  :  In  reply  to  your  inquiries,  beg  to  inclose  such  information  as  I  have 
near  at  hand.    As  I  expect  to  i-eturn  in  a  few  days  to  Colorado, shall  be  able  to  gath- 
er further  information,  which  I  shall  take  pleasure  in  furnishing  you. 
I  remain,  yours,  truly, 

HENRY  E.  SPRAGUE, 
PreMeni  Colorado  Coal  and  Iron  Company. 
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COAL  MINKS. 

The  oatpat  of  the  sereral  ooal  mines  was  as  follows : 

Cafion  mines 170,312 

Cnchara  mines 82,391 

Cameron  mines &.296 

El  Moro  mines    277,577 

Crested  Butte  mine 63,539 


Total. 


AntUyHi  of  coaU,  ooke,  iron  ore,  and  limmUme. 

COALS. 

CaSon  coal :  Per  et 

Water 4.50 

Volatile  matter 34.20 

Fixed  carbon 56.80 

Ash 4 4.50 


Solphnr 


100. 


9,117 


Peret 

5.49 

39.33 

51.01 

4.17 

100. 


Four-foot^  BvwvhtotH 

Cnchara  ooal:                                                                                              oeam.  aeom. 

Water 3.23  2.97 

Volatile  matter 40.93  40.08 

Fixedcarbon 49.64  48.67 

Ash 6.30  a26 


Sulphur  . 


El  Moro  coking  coal: 

Water 0.26 

Volatile  matter 29.66 

Fixed  carbon 66.76 

Ash 4.32 


100.00 


1.66 
34.48 

60.08 
a78 


100.00        100.00 


1.34 

35.79 
64.75 

ai2 

100.00 
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CMrted  Batto  ooUiig  ooal  (bitmninoiiA): 


PMofc.        Pflreft 

frii 


Wftter : ITIO  .44 

VoUtUe  matter 23.20  24.17 

Fixed  carbon 72.60  72.30 

Ash 3.10  3.09 


100.00  100.00 

Theoietloal  yield  of  ooke 75.70  75.39 

Greeted  Bntte  (anthracite) : 

Three-foot  Six-foot 

dx-inoh  Mam.  aeam. 

Water  and  volatile  matter 5.17  6.29 

Fixed  carbon 90.65  89.89 

Aah 4.18  3.82 


100.00        100.00 


Irwin  (anthracite) : 

Water  and  volatile  matter 3.15 

Fixed  carbon 93.93 

ABh 2.92 

100.00 

COKK6. 

£1  Moro  coke : 

Fixed  carbon 87.47 

Aah •. 10.68 

Water  and  volatile  matter 1 .  85 

100.00 
Snlphnr 85 

Crested  Bntte  coke : 

Pf  r  ct.  Per  ct  Per  ot 

Water  and  volatile  matter 1.35  .42  .41 

Fixedcarbon 92.03  90.71  92,44 

Ash 6.62  8.87  7.15 


100.00        100.00        100.00 
Snlphnr .58  .Zl 


STATEMENT  OF  ME.  WILLIAM  METOALF. 

PiTTSBXTBGH,  Pa.,  December  10, 1884. 

Mr.  MoBGAN.  Please  to  state  your  profession  and  how  long  you  have 
been  engaged  in  its  pursuit.  If  you  are  a  manufacturer  of  steel,  which 
class  of  production  do  you  maket 

Mr.  Metoalf.  I  took  the  degree  of  civil  engineer  at  the  Bensselaer 
Polytechnic  Institute,  Troy,  K.  T.,  in  1868.  I  immediately  entered  the 
Fort  Pitt  Foundry,  Pittsburgh,  first  as  draughtsman  and  assistant  engi- 
neer; I  was  made  superintendent  of  the  shops  in  one  year;  was  put  to 
the  study  of  iron,  especially  that  adapted  for  guns,  and  in  1862  was 
placed  in  entire  charge  of  tiie  manufacture  of  guns,  including  the  selec- 
tion  and  purchase  of  the  iron ;  I  remained  in  that  position,  or  in  the  dis- 
charge of  the  same  duties,  until  late  in  the  year  1866,  when  I  abandoned 
the  foundry  business  and  join^  the  firm  of  Miller,  Barr  &  Parkin, 
owners  of  the  Orescent  Steel  Works.  I  am  still  in  the  same  concern,  now 
known  by  the  firm  name  of  Miller,  Metcalf  &  Parkin. 

Our  business  is  the  manufacture  of  crucible  cast  steel  of  all  grades, 
and  the  conversion  of  Bessemer  and  open -hearth  steel  billets  into  such 
commercial  shapes  as  our  patrons  require. 

Our  specialty  is  the  manufacture  of  the  finest  grades  of  crucible  cast 
steel.  The  following  is  an  enumeration  of  a  few  of  the  uses  to  which 
our  steel  has  been  successfully  applied : 

Eolls  for  the  mint,  for  cold-rolling  bars  of  the  precious  metals  for 
coining.  Dies  for  stamping  coin.  Dies  for  stamping  jewelry,  some  of 
which  have  been  very  intricate  and  difficult  shapes.  Drills  for  rock- 
drills,  used  at  Hell  Gate  and  in  some  of  the  most  difficult  iron,  copper, 
and  gold  mines  in  the  country.  Lathe  tools  and  machine  tool  cutters  of 
the  most  irregular  and  difficult  shapes.  Large  drills  and  reamers  for 
boring  oil  wells :  Some  of  these  bits  have  weighed  as  much  as  500  pounds 
each  and  have  been  used  for  drilling  holes  through  rock  18  inches  in 
diameter.  Fine  sheets  for  cutlery,  saws,  clock  springs,  and  such  work. 
Gold-rolled  steel  for  the  finished  parts  of  sewing-machines,  keys,  ladies 
corsets,  shoe  shanks,  watches  and  clocks,  watch  springs,  and  for  innum- 
erable other  little  articles.  Cold-hammered  drill  wire  for  drills,  graving 
tools,  punches,  watches,  and  many  other  small  purposes. 

The  cold-rolled  and  cold-hammered  steels  are  finished  to  great  accu- 
racy, and  are  measured  by  micrometers  to  the  thousandth  of  an  inch ; 
sight  bars  for  the  national  armory  are  rolled  to  exact  dimensions,  not 
varying  more  than  one-quarter  of  one-thousandth  of  an  inch  from  the 
required  size. 

For  astronomical  purposes  our  steel  has  been  cold-rolled  to  f^  of  an 
inch  in  thickness. 

Mr.  MoBGAN.  Name  the  steel-producing  establishments  in  and  around 
Pittsburgh,  the  number  and  description  of  steel  fiirnaces  in  each  estab- 
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lishmenty  and  their  reHpective  pveflent  per  diem  (24  hoaro)  eapao4t?r  for 
making  steeL 
Mr.  Mbtoau?  : 


Name  of  Ann  or  oompany. 


Apymtm. 


CapMtty. 


Cfini«gie  Bro«.  &  Co.,  Limited. . 


OUver  Broi.  Sl  PhUlipB  . 


Two  lO-Um  venelB  and 
two  4-ton  venelB. 


Odo  2-ton  fixed  oon- 
Terter  for  tpeolal 
ateela. 


Optn-hMurth  $UeL 

Plurk,  Bro.  ft  Co.,  Limited 

Hasaey,  Howe  St,  Co.,  Limited. . 
Linden  Steel  Companj,  Limited 
Spang  Steel  and  Iron  Company, 

Limited. 
Sinser,  Nimick  A  Co..  Limited. 
Mackintosh,  Hemphill  A.  Co., 

Limited. 
Shoenbcffger  ftCo 


Twoftimaoea  . 
...do 


Two  7-ton  fomaoea. 
Twoftmiaoea 


Onic%bUeait$ts$L 

Pittsbnrgh  Steel  Casting  Com- 

Hnaaey,  Howe  &  Co.,  Limited. . 

Park,  Bro.  &Co.,  Limited 

Brown  &  Co 

Miller,  Metcair  Sl  Parkin 

Smith,  Sntton  A  Co 

Sinffer,  Kimlok  A,  Co.,  Limited. 

Anaerson.  Dn  Pay  ft  Co 

CaaddyftCo 


700  tons,  aboDt. 


40  tona,  about . 


67  tons,  net . 

66  tona,  net. 
76  tona,  net . 
40  tona,  net . 

ao  tons,  net . 


60tona,gioa8  . 


176 


35  tons,  net . . . 

88  tons,  net 

82  to  85  tona  . . 
48  tons,  gross. 


62  tons,  net. 


Operate  the  Bdnr  TbeiB 
aon  Steel  Worka  and 
the  Pittsburg 
Steel  Worka. 


Blaok     Diamond    Steel 

Worka. 
Doable  tarn. 


Juniata  Iron  And 
Works. 


St*Ml 


La  BeUe  Steel  Works. 


*Inoluding 


Mr.  MosaAN.  Are  hydraulic  presses  or  forges  used  in  any  of  Uiese 
works,  and  do  any  of  them  use  hydraulic  power  for  the  liquid  compres 
sion  of  steel  t 

Mr.  MetoajLF.  No  :  I  do  not  know  of  such  hydraulic  presses  being  in 
use  anywhere  in  the  United  States. 

Mr.  MosaAN.  What  is  about  the  heaviest  steel  ingot  that  can  be  suc- 
cessfully handled! 

Mr.  Metoaxf: 


Name  of  company  or  Ann. 

Description  of 

Benuurka. 

Linden  Steel  Company 

4.ton 

Adapted  to  hammering  an  ingot  12  inchei 
square. 

Can  nammer  a  1-ion  ingot. 

Pittsburgh  steel  Casting  Company. 
Shoenberger  ft  Co TTT?.. 

5.ton 

5.ton 

Smith,  Sutton  ft  Co 

4|.ton 

Adapted  to  hammering  an  ingot  20  inches 
square. 

Hussey,  Howe  ftCo 

80-owt 

Singer,  Nhniok  ft  Co 

4.ton 

Park,Bro.ftCo 

n-Um 

square, 
ameter. 

Brown  ft  Co 

6.ton 

B-ton.  nominal... 

Miller.  MAt^alf  ft  Parkin 

Has  hammered  ingota  18  inohea  dlaoMter. 

ORDNANCE   AND   WAR   SHIPS.  317 

It  most  be  borne  in  mind  that  these  sizes  of  ingots  are  all  given  for 
solid  sections,  and  any  hammer  conld  work  effectively  a  ring  whose 
walls  were  as  thick  as  the  thickness  of  the  ingot  named.  A  hammer 
capable  of  hammering  an  ingot  12  inches  sqaare  is  of  such  power  that 
that  is  the  thickest  mass  it  would  hammer  with  a  certainty  of  doing, . 
good  work.  -^^  ^ 

As  a  redaction  of  one-half  is  ample  to  secure  good,  sound  work,  fr^ 
a  hammer  would  finish  bar,  slab,  ring,  or  any  other  forging  6  iiibnes' 
thick  when  finished.    The  width  and  length  would  be  governed  only  by   ' 
the  size  of  the  dies  and  the  working  room  around  the  hammer.    J^is 
my  opinion  that  Park,  Brother  &  Oo.'s  hammer  is  as  efficient  as  Erup^ 
noted  50-ton  hammer,  as  the  latter  is  nothing  but  an  open-top  steauK^ 
pile-driver,  while  Park's  hammer  is  a  closed-top '  steam-hammer.    I  do     ' 
not  say  that  any  of  these  establishments  are  in  complete  shape  to  make 
the  heaviest  gun  forgings,  but  I  do  say  that  the  hammer  is  the  most 
expensive  and  most  important  part  of  the  plant,  and  that  the  hammers 
quoted  are  all  good  up  to  the  limit  given. 

I  have  added  the  following  question :  Is  the  liquid  compression  of  steel 
by  hydraulic  power  desirable  t 

I  am  unable  to  see  what  use  there  can  be  for  liquid  compression  by  ma- 
chinery in  the  manufacture  of  guns  when  the  Government  owns  the  right, 
for  which  it  paid  half  a  million  dollars,  to  use  Bodman's  method  of  liquid 
compression  by  controlling  the  cooling  of  the  mass  so  as  to  produce  the 
desired  compressive  strains  in  the  most  effective  direction.  Many  years 
of  practice  and  study  have  demonstrated  to  me  that  all  properties  of 
cast  iron  and  cast  steel  are  common  to  both  substances,  or,  in  other  words, 
both  substances  are  controlled  by  the  same  laws.  Cast  steel  is  nothing 
bat  clarified  cast  iron ;  it  contains  less  of  carbon,  silicon,  phosphorus, 
sulphur,  or  other  impurities  than  cast  iron.  All  properties  of  cooling, 
shrinking,  chilling  or  hardening,  and  tempering  or  annealing  are  com- 
mon to  both,  varying  only  in  degree  and  in  the  temperatures  which 
cause  the  display  of  these  different  properties. 

The  compression  given  by  hammering  and  the  fineness  of  texture  can 
be  secured  by  sudden  cooling,  and  so  directing  the  cooling  from  the  inte- 
rior as  to  bring  the  strains  in  the  right  direction.  If  the  first  cooling 
were  insufficient,  subsequent  heatings  and  coolings  could  be  resorted 
to  cheaply  and  effectively. 

All  of  the  advantage  of  liquid  compression  could  be  obtained  by  cast- 
ing a  high  head  on  the  piece ;  and  in  the  case  of  a  gun  this  could  be  done 
at  almost  no  cost,  because  such  high  heads  would  be  long  tubes,  which, 
when  cut  into  rings  of  proper  weight,  would  be  precisely  what  is  wanted 
by  the  makers  of  locomotive  tires.  Therefore,  there  would  be  practi- 
cally no  waste. 

A  Bodman  cast-iron  gun  is  almost  strong  enough  for  rifling,  and  guns 
to  resist  the  strain  of  the  powder  behind  a  rifled  projectile  could  be 
made  of  cast  iron  easily.  Such  guns  would  not  resist  the  wear  of  the 
projectiles  on  the  lands  of  the  bore,  neither  would  they  afford  good  hold 
for  securing  the  movable  parts  of  a  breech-loading  gun.  If  such  a  gun 
conld  be  made  of  a  uniform  tensile  strength  of  60,000  pounds  per  square 
inch,  it  would  be  amply  strong  for  rifling.  That  such  a  gun  can  be 
produced  by  the  Bodman  system  there  can  be  little  doubt  to  me.  The 
difficulties  in  the  shape  of  suitable  molds,  suitable  core  barrels,  blow- 
holes, &c.,  are  no  greater  than  were  encountered  and  overcome  by  the 
first  makers  of  the  Bodman  cast-iron  guns.  Most  of  them  have  been 
overcome  already,  notably  the  blow-hole  business  by  the  Terre  K^oire 
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process ;  and  I  would  call  your  attention  to  the  ^dit  that,  no  matter 
what  may  be  said  about  the  failure  of  the  Terre  Noire  people  to  make 
guns,  it  is  a  fact  that  they  have  never  tried  the  Bodman  plan ;  they 
have  merely  removed  the  most  serious  difficulty  in  the  way  of  its  trial — 
blow-holes.' 

Accompanying  letters  show  that  ingots  up  to  25  tons  weight  can  be 
cast  by  existing  plants. 

If  one  10-ton  gun  can  be  made  in  this  way,  thousands  can  be  made 
with  more  certainty  than  by  any  known  process  of  hammering  or  mar 
chine  compression. 

If  a  10-ton  gun  be  made  this  way,  then  a  100-ton  or  a  200-ton  gun  can 
be  made  as  easily  by  the  enlargement  of  plant. 

Eodman's  system  made  the  United  States  the  most  powerful  nation 
on  earth,  and  stimulated  all  Europe  to  vast  outlays  to  produce  the  guns 
of  to-day,  none  of  which  are  certain  in  their  qualities. 

The  same  plan  could  be  thoroughly  tested  in  steel  at  a  cost  not  to 
exceed  $100,000  for  the  production  of  one  moderate-sized  gun.  The 
success  of  one  such  gun — and  the  success  or  failure  could  be  demon- 
strated inside  of  a  year — ^would  settle  the  whole  gun  question ;  and  in 
case  of  success  every  open-hearth  plant  in  the  country  would  then  com- 
pete for  the  Government  patronage. 

Mr.  Morgan.  Is  the  metal  used  in  making  steel  in  the  works  you 
have  named  made  from  native  or  foreign  orest 

Mr.  Metoalf.  From  native  ores  almost  exclusively ;  if  foreign  ores 
are  used,  it  is  only  on  account  of  price. 

Mr.  Morgan.  In  your  manufactory  of  fine  steel  for  tools  and  the 
like  do  you  use  American  or  foreign  iron,  and  do  you  make  your  own 
steel  t    If  you  use  both,  please  state  in  what  proportions. 

Mr.  Metoalf.  We  use  both  American  and  foreign  iron.  The  reason 
we  use  foreign  iron  is  that  American  manufacturers  have  not  found 
time  to  make  iron  with  the  care  that  is  used  in  Sweden,  because  the 
Swedes  cannot  make  cheap  iron ;  therefore,  they  must  make  exception- 
s^Uy  good  iron  in  order  to  sell  it.  Americans  can  make  cheap  iron ; 
therefore,  they  do  not  devote  themselves  to  a  small  output  of  fine  quality. 
Still,  I  believe  that  nine-tenths  of  the  fine  steel  that  is  produced  in 
America  is  made  from  American  iron  made  from  American  ores.  We 
make  our  own  steel  exclusively.  I  have  visited  a  large  number  of  the 
iron  mines  of  Sweden  and  America,  and  have  tested  and  had  analyzed 
the  ores  and  irons  made  from  them.  I  say  positively  and  of  my  own 
knowledge  that  we  have  in  America  ores,  in  practically  inexhaustible 
quantities,  that  are  quite  as  good  in  every  respect  as  any  ores  that  are 
to  be  found  in  Sweden,  or,  I  believe,  anywhere  in  the  world. 

Mr.  Morgan.  You  know  the  qualities  of  steel  adapted  to  making 
guns  of  high  power,  steel  ships  of  war,  and  ship  armor.  Please  state 
whether  Pittsburgh,  with  proper  furnaces  and  machine  tools,  could 
supply  the  Government  of  the  United  States  with  all  the  metal,  made 
from  American  ores,  needed  for  such  purposes  for  its  full  defense  on 
land  and  water. 

Mr.  Metgalf.  Pittsburgh  possesses  the  largest  aggregation  of  plant, 
and  the  most  thoroughly  organized  and  skilled  labor  in  abundance,  of 
any  place  in  the  country.  Skill  in  producing  and  manipulating  heavy 
masses  is  the  leading  characteristic  of  her  people. 
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You  are  already  answered  in  regard  to  hammer  capacity ;  in  regard 
to  plates — 


Name  of  Arm  or  company 


Bemarlu. 


Shoenberger  St  Co. 
Park,  Bra.  &  Co  . . 


Singer,  Nimiok  &  Co . 


Hnssey,  Howe  ScCo 

Spang  Steel  and  Iron  Com- 
pany. 

Smith,  Sutton  &  Co 

Pittebnrgh  Steel  Caeling 
Company. 

Brown  Sc  Co 

The  Linden  Steel  Company 


Can  roll  and  trim  a  plate  100  inches  wide,  1  inch  thick,  and  175  inchea 
long. 

Three  high  plate  mill  hae  top  and  bottom  rolls  32  inches  in  diameter  and 
115  inches  long ;  the  middle  roll  is  22  inches  in  diameter;  the  greatest 
opening  is  14  inches. 

Allowing  8  inches  for  rednotion,  this  mill  wHl  tarn  ont,  jast  as  it  stands 
to-day,  plates  that  will  finish  to  00  inches  wide  by  6  inches  thick  by 
any  length  that  might  be  needed. 

If  the  middle  roll  were  taken  oat,  which  coold  be  done  in  a  few  honrs, 
and  the  train  were  ran  two  high,  it  would  then  have  an  opening  of  86 
inches.  Allowing  18  inches  for  redaction,  it  would  tarn  oat  a  finished 
plate  18  inches  thick,  00  inches  wide,  and  as  long  as  the  table  ooold 
carry.  Mr.  Park  would  not  say  how  many  tons,  but  he  said  if  he  had  a 
chance  he  would  keep  on  tiding  until  he  stalled  his  engine. 

If  any  one  says  18  inches  is  not  enough  reduction  for  an  18-inch,  plate,  I 
have  no  opinion  to  offer ;  but  surely  no  one  will  say  that  from  80  inches 
to  9  inches  would  be  insufSoient,  and  you  still  have  a  mill  that  is  ready 
now  to  make  9-inch  armor.*  Probably  a  demand  for  extra-heavy  armor 
would  involve  the  remodeUug  or  building  of  some  heating  furnaces,  but 
no  concern  would  hesitate  about  that  if  a  respectable  order  were  oflfored. 

Can  roll  plates  80  inches  wide,  any  thickness  up  to  6  inches,  sad  length 
governed  by  weight. 

Can  roll  a  plate  81  inches  wide,  200  inches  long,  and  |  inch  thick. 

Can  roll  plates  up  to  80  feet  long  by  100  inches  wide  by  1  inch  thick. 

Can  roll  a  plate  22  inches  by  |  inch  by  20  fiset  long. 
Largest  plate  26  inches  wide,  10  feet  long,  0  inches  thick. 

Largest  plate  125  inches  by  50  inches  by  1  inch. 

Can  roll  plates  78  inches  wide  and  any  reasonable  thickness  and  length. 


*  See  page  328.    (Chairman.) 

There  are  four  or  five  equally  powerful  plate  mills  in  our  iron  works, 
and  one  or  two  more  steel  mills,  whose  owners  bavenot  reported.  The 
above  dimensions  are  present  maximum  capacities.  It  is  not  overstat- 
ing it  to  say  that  Pittsburgh  could  turn  out  easily  1,200  tons  of  heavy 
plates  per  day  with  her  present  miUs. 

Mr.  MoBGAN.  What  is  about  the  annual  production  of  iron  in  and 
around  Pittttburgh  t 

Mr.  Metoalf.  Total  rolled  iron,  including  nails,  472,351  net  tons;  pig 
iron,  592,475  net  tons. 

Mr.  Morgan.  Is  there  any  want  of  good  fuel,  good  material,  and  good 
workmen  in  and  around  Pittsburgh  for  the  manufacture  of  the  machine 
tools  of  the  best  and  heaviest  description,  to  be  worked  by  either  steam 
or  hydraulic  power  t 

Mr.  Metoalf.  None  whatever;  nearly  all  of  our  best  plants  have 
been  fitted  out  in  Pittsburgh  shops,  especially  in  the  heavier  machinery, 
excepting,  of  course,  special  machines  which  are  made  in  various  parts 
of  the  country,  one  adapted  to  one  particular  piece  of  work,  and  another 
to  another. 

Mr.  Morgan.  Please  to  state  the  extent  to  which  natural  gas  is  em- 
ployed in  boiler  and  furnace  work  as  fuel,  and  your  opinion,  with  any 
data  you  choose  to  give  to  support  it,  as  to  the  probable  continuance  of 
a  full  supply  in  the  future. 

Mr.  Metoalf.  Natural  gas  is  now  used  for  raising  steam,  puddling 
and  heating  iron,  melting,  heating,  and  annealing  steel,  for  making 
glass,  and  for  domestic  purposes.  It  is  used  very  largely,  and  must  con- 
tinue to  be  used  in  the  future.  Good  wells  twenty  to  forty  years  old 
are  already  known,  and  its  permanence  seems  a<s  well  assured  as  that 
of  oil.     In  a  few  years  not  many  great  wells  will  be  found,  but  thesup- 
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ply  will  be  kept  up  and  increaaed  by  hundreds  of  small  and  more  per- 
manent wells.  There  is  a  limit  to  its  quantity,  but  what  that  limit  is 
no  one  can  tell ;  if  it  should  fail,  the  next  best  fuel-producer,  gas,  can 
be  made  here  cheaper  than  in  any  other  place  in  the  world.  The  best 
of  gas  fuel  can  be  laid  down  on  our  producers  for  from  50  cents  to  $1 
per  ton.  There  is  enough  natural  gas  being  wasted  now  every  day  to 
supply  probably  the  whole  present  need  of  Pittsbargh ;  it  has  been  es- 
caping in  this  way  for  nearly  twenty  years,  in  larger  or  smaller  quanti- 
ties ;  and  any  one  who  is  familiar  with  the  country  must  be  well  assured 
of  at  least  half  a  century's  supply. 

Mr.  Morgan.  State  what  advantage,  if  any,  there  is  in  the  use  of 
natural  gas  in  respect  to  the  quality  of  the  metal  it  is  used  in  produc- 
ing or  working,  and  in  respect  to  the  saving  of  time  and  expense  over 
good  coal  or  coke. 

Mr.  Metoalf.  My  experience  is  limited  to  steeL  A  high,  soft,  pene- 
trating heat  can  be  obtained  more  easily  and  safely  in  a  natural-gas 
flame  than  in  any  other.  It  is  precisely  such  a  heat  as  is  essential  to 
thorough  and  good  work  on  large  masses  of  steel,  and  for  this  reason 
alone  it  would  be  justifiable  to  pay  twice  as  much  for  natural  gas  as  for 
coal  in  working  very  heavy  masses ;  but  in  fact  the  gas  is  the  cheaper 
fuel.  The  difference  in  time  is  not  very  great,  but  the  safety  of  it  in 
skilled  hands  is  of  much  real  value. 

Mr.  Morgan.  Is  there  any  known  fact  that  renders  this  natural  gas 
unfit  for  melting  metal  in  cupolas  or  otherwise  preparing  it  for  makuig 
Bessemer  steel  t 

Mr.  Metoalf.  It  is  not  adapted  to  cupola  practice  at  all;  a  solid 
fuel  is  a  necessity  in  a  cupola.  There  is  no  reason  why  metal  may  not 
be  melted  for  Bessemer  purposes  by  natural  gas ;  but  in  a  rail  mill  or 
other  strong  running  plant  the  coke  would  probably  be  the  most  effi- 
cient. Later  discoveries,  as  we  learn  to  use  the  gas,  may  change  all 
this. 

Mr.  Morgan.  What  is  the  comparative  cost  of  producing  Bessemer 
steel  with  the  use  of  coke  as  ftiel,  and  open-hearth  steel  with  natural 
gas  as  fuel,  at  Pittsburgh,  and  which,  in  your  opinion,  would  be  the 
better  metal  f 

Mr.  Metoalf.  It  is  claimed  that  Bessemer  steel  can  be  made  for 
$2.50  less  per  ton  than  open-hearth  steel.  This  difference  could  be  di- 
minished by  the  difference  in  price  between  coal  and  natural-gas.  The 
question  of  quality  is  difficult  and  delicate.  As  users  of  both  and 
makers  of  neither,  our  experience  has  been  that  the  difference  is  trifling; 
in  some  little  characteristics  we  prefer  the  Bessemer,  for  others  we  pre- 
fer the  open-hearth,  and  for  general  purposes  we  use  them  indifferently. 
It  is  with  these  products  as  with  everything  else  under  the  sun,  that  is 
the  best  which  is  produced  with  the  largest  percentage  of  conscience. 

Mr.  Morgan.  Please  state  any  other  facts  or  opinions  that  you  think 
would  throw  light  on  these  subjects. 

Mr.  Metoalf.  It  is  a  fiact  that  Pittsburgh  is  the  best  market  in  the 
country  for  the  purchase  of  material. 

As  to  the  relative  qualities  of  the  guns  produced  in  Pittsburgh,  Bead- 
ing, and  Boston,  I  refer  you  to  the  records  of  the  Bureau  of  Ordnance. 

It  is  a  fact  that  Pittsburgh  is  the  best  labor  market  in  the  country. 
Our  skilled  men  are  more  largely  Americans  than  in  most  other  places ; 
they  have  the  inherited  faculty  of  handling  large  masses  and  tackling 
large  problems.  They  are  intensely  loyal  and  law-abiding  and  are  well 
organized.  In  1877,  after  the  railroad  officials  and  militia  from  other 
places  had  begun  to  play  with  fire  and  had  run  away,  our  city  was  in 
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a  State  of  anarchy  and  had  just  eighty-two  policemen.  The  great  mass 
of  our  loy aly  law  abiding  mill  men  permitted  the  destruction  of  the  rail- 
road and  prevented  the  destruction  of  other  property.  There  is  no  safer 
place  in  tiie  country  for  invested  capital  than  in  a  Pittsburgh  mill. 

The  transportation  facilities  of  Pittsburgh  by  rail  and  by  water  are 
unrivalled.  It  is  stated  that  in  the  year  1880  the  commerce  of  Pitts- 
burgh was  greater  than  the  commerce  of  Few  York  City ;  the  census 
records  will  show  whether  this  is  true  or  not. 

As  a  matter  of  opinion,  if  the  Government  can  only  And  out  what  it 
wants,  and  it  will  make  those  wants  known,  the  men  will  be  found  who 
will  supply  them.  The  Bodman  gun,  the  monitors,  and  the  Mississippi 
jetties,  were  all  supplied  by  energetic  civilians,  who  gave  them  to  the 
Government  just  at  the  right  time.  The  Government  will  certainly  be 
sustained  and  supplied  again  by  her  own  citizens  just  as  soon  as  her 
ideas  are  dragged  Out  of  chaos  and  formulated  into  something  tangible. 

I  have  no  interest  whatever  in  either  heavy  armor  or  guns  except 
as  an  American  citizen.  I  never  want  to  see  another  gun,  so  I  write 
freely,  wishing  to  give  you  all  the  information  that  is  possible.  The  con- 
cern with  which  I  am  connected  is  entirely  out  of  the  line  of  such  work, 
and,  for  myself,  I  have  had  enough  of  it^  and  like  to  think  of  the  gun 
business  as  belonging  to  the  dead  past.  Having,  then,  no  interest  to 
serve,  I  shall  be  glad  to  answer  any  questions  that  may  interest  you  or 
be  of  benefit  to  Pittsburgh,  so  far  as  I  may  be  able. 


[Brown  Sc  Co.,  Wayne  Iron  and  Steel  Works.] 

PiTTBBUiMU,  Deomnber  10,  1884. 
Djbab  Sib  :  Appreciating  the  mtent  of  you  inqniriee  of  the  9th  iiutant,  we  beg  to 
reply  as  follows : 

Our  daily  maximom  capacity  of  cracible  cast-steel  ingots  is  between  33  and  35 
tons. 

Fitted  with  a  ladle  and  other  minor  appliances,  we  conld  cast  an  ingot  of  over 
13,000  poonds. 

Onr  heayiest  hammer  is  5  tons— heayy  enongh,  we  should  say,  to  hammer  thoroughly 
a  1-ton  ingot. 

We  have  never  tested  onr  plate  mill  in  the  way  of  HMUDifiiiMi  thicknesses ;  the  aim 
has  always  been  to  the  other  extreme.   As  a  safe  venture,  we  would  put  our  maximum 
plate  as  125  by  50  by  1  inch. 
Trusting  these  answers  wiU  suffice, 
We  are,  very  truly,  yours, 

BROWN  &  CO. 
William  Mktcalf,  Esq., 

Mmer,  MeioaV  f  Parkin,  City, 


[The  Spang  Steel  and  Iron  Company,  Limited.] 

PrmBURGH,  Pa.,  Ihoember  10,  1884. 
DSAB  Sia:  In  reply  to  yours  of  5th,  on  behalf  of  the  Senate  select  committee,  I 
would  say : 
Our  daily  capacity,  in  pounds,  of  ingots  is  80,000. 
The  heaviest  ingot  we  can  cast  is  20,000  pounds. 
We  have  no  hammer. 

We  can  roll  plates  up  to  30  feet  long  by  100  inches  wide  by  1  inch  thick. 
Tours,  truly, 

B.  F0K8YTH, 
9uperwimid99iU 
William  Mjbtcalf,  Esq., 

MiOer,  Metca^f  #  Farhht, 

4963  OB ^21 
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[Pftrk.  Brotber  A,  Co.,  Limited.] 

PiiTOBURGH,  Pa.,  Dmimkber  8, 1884. 
Dear- Sir  :  We  are  in  receipt  of  y oar  favor  of  5tlL  instant,  and  in  reply  woold  say, 
when  our  cmcible  melting  fornaoes  are  all  in  order  we  can  make  83  net  tons  of  cru- 
cible ingots  per  day. 

In  our  open-hearth  furnaces,  under  the  same  conditions,  we  can  make  67  tons  per 
day. 

Onr  heaviest  hammer  is  one  of  17  tons  drop  and  will  thoroughly  hammer  an  ingot 
45  inches  diameter. 

We  can  roll  a  plate,  say,  110  inches  wide  by  60  feet  long,  and  from  1^  inch  up  to  li 
inches  thick. 

Yours,  truly. 

Park  Brother  &  Co.,  Limited, 
WM.  6.  PARK,  Ckawman, 
William  Metcalf,  Esq.,  City, 


ISincer,  Klmiok  &  Co.,  Limited.] 

PxTTOBUBOH,  Pa.,  DeomUer  t,  1884. 
Dear  Sir  :  Our  daily  capacity,  in  pounds,  in  ingots  of  any  quality,  is  184,900  cru- 
cible, 40,000  pounds  open-)iearth.    The  heaviest  ingot  we  can  oast  is  4,000  omei- 
ble,  20,000  open-hearth.     The  weight  of  our  heaviest  hammer  is  8,000  pounds.    It 
will  hammer  thoroughly  an  ingot  aoout  16  inches  square.    The  largest  plate  we  can 
roll  is  80  inches  wide,  length  according  to  thickness,  and  can  roll  up  to  6  inches  thick. 
Trusting  the  above  wilibe  satisfactory, 
I  remain  yours,  truly, 

W.  H.  SINGER, 

William  Mbtcalf. 


IJunlAta  Iran  and  Steel  Works.] 

PrTTBBURGU,  Deomber  9, 1884. 
Dear  Sir:  In  reply  to  your  &vor  of  5th  instant,  we  are  able  to  produce  50  tons  of 
steel  ingots  per  day  of  any  quality. 

If  necessary  we  could  cast  a  slab  up  to  S5  tons  in  weight,  by  pouring  the  output 
of  our  two  furnaces  into  one  mold,  but  with  our  present  cranes  and  machinery  we 
could  not  handle  a  slab  and  put  it  through  our  mill  weighing  over  7,500  pounds. 

The  weight  of  our  heaviest  hammer  is  5  tons,  enabling  us  to  hammer  thoroughly  an 
ingot  weighing  1  ton. 
The  largest  plate  we  can  roll  and  trim  is  175  inches  by  100  inches  by  1  inch. 
Yours,  truly, 

SHOENBfiRGER  A  CO. 
William  Mbtcalf,  Esq.,  City, 


(HiiMey,  Howe  A  Co.,  limited.] 

Pittsburgh,  Pa.,  December  6, 1864. 
Dear  Sir  :  Our  daily  capacity  in  ingots  of  anv  quality  is  170,000  pounds. 
The  heaviest  ingot  we  can  cast  is  20,000  pounds. 
Our  heaviest  hammer  is  30  cwt. 

It  will  hammer  thoroughly  an  ingot  weighing  800  pounds, 
llie  largest  plate  we  can  roll  woiud  be  81  inches  by  200  inches  by  f  inch. 
Tours,  tody, 

HUSSEY,  HOWE  A,  CO. 

William  Mbtcalf,  Esq.,  City. 
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[The  Pittttburgh  Steel  Casting  Compftay.] 

PiTTBBUROH,  Pa.,  December  6,  1884. 
Dbab  Bat :  Yours  of  5th  instant  received,  making  inquiries  for  use  of  the  Senate 
select  oommitteey  to  which  we  reply  as  follows: 
Daily  capacity,  175  tons  of  2,240  pounds  each. 

Heaviest  ingot,  25  tons  (limited  hy  capacity  of  crane,  which  could  he  increased  to 
100  tons  or  more\ 
Hammer  weigns  5  tons ;  will  hammer  thoroughly  an  inoot  9  inches  square. 
Largest  plate  we  can  roll,  26  inches  wide,  10  feet  long,  9  inches  thick. 
Yours,  very  respectfully, 

Pittsburgh  Stbel  Castino  CosiPANT, 
JOHN  IRWIN,  Jr.,  Treaeurer. 
Mr.  WiLUAM  Metcajlf,  City. 


[La  Belle  Steel  Works.] 

.    Pittsburgh,  Pa.,  December  6, 1884. 
Drab  Sir  :  In  reply  to  vour  favor  of  5th  instant,  say  that  our  present  capacity  on 
crucihle  steel  is  32  tons  daily.    We  could  cast  an  ingot  of  5  tons.    Our  heaviest  steam- 
hammer  is  4i  tons,  and  we  can  hammer  on  it  a  20-mch  square  ingot,  and  do  so  thor- 
oughly. 

The  laigeet  plate  we  could  roll  would  he  ahout  22  inches  hy  i  inch  and  20  feet 
long. 

Yours,  truly, 

SMITH,  SUTTON  &  CO. 
William  Metcalf,  Esq., 

Meesre.  Miller,  Metcalf  4-  Parkin,  City. 


[Linden  Steel  Comp«ny,  Limited.] 

Pittsburgh,  Pa.,  December  6,  ISSA. 
Drab  Sib:  In  answer  to  your  inj^uiry  of  5th  instant,  we  heg  to  say  that  our  daily 
capacity,  in  pounds  and  in  ingots,  is  150,000  pounds.  The  heaviest  insot  we  have  oast 
is  4,000  pounds ;  we  could,  hy  preparing  for  same,  cast  a  full  heat  of  30,000  pounds. 
Our  hammer  is  called  a  4-ton  hammer,  out  we  have  not  tried  larger  than  a  12-inch 
ingot  on  it.  We  can  roll  plates  78  inches  wide,  almost  any  reasonable  thickness,  and 
we  think  as  Jong  as  any  one. 
Yours,  veiy  truly, 

Linden  Steel  Company,  Limited, 
HENRY  LLOYD,  Vioe-Preeident, 
William  Metcalf,  Esq., 

Meeere.  Miller,  Metcalf  4-  Parkin,  aty. 


(Oamegie  Brotlien  A  Co.,  Limited.] 

P1TT8BUBGH,  December  10,  1884. 
Dear  Sir  :  Beplying  to  the  inquiries  in  your  flftvor  5th  instant— 
First.  Our  daily  capacity  of  ingots,  of  quality  suitahle  for  rails,  is  ahout  1,568,000 
pounds,  or  700  gross  tons. 
Second.  We  can,  if  necessary,  oast  an  ingot  weisbing  30  gross  tons. 
Third.  Our  heaviest  hammer  is  one  of  8  tons,  and  it  will  hammer  a  16-inch  ingot. 
Fourth.  The  largest  plate  which  we  can  roll  is  36  inches  wide,  7  inches  thick,  length 
firom  30  to  70  feet,  according  to  thickness. 
Yours,  very  truly, 

Carnegie  Brothers  &  Co.,  Limited, 
H.  M.  CURRY,  Manager. 

Mr.  WuxLAJi  Metcalf, 

Miller,  Metcalf  f  Parkin,  City. 


MIDVALE  STEEL  COMPANT. 
STATEMENT  OF  MB,  B,   W,  VAVENFOBT, 

Philadelphia,  Pa.,  November  21, 1884. 

Mr.  MoBOAN.  Please  state  your  name,  residence,  and  occupation. 

Mr.  Davenport.  E.  W.  Davenport.  I  reside  in  Philadelphia,  and 
am  the  superintendent  of  the  Mid  vale  Steel  Company's  works,  Nice- 
town,  Philadelphia,  Pa. 

Mr.  Morgan.  What  is  the  present  capacity  of  that  establishment  in 
producing  steel  of  all  kinds  ? 

Mr.  Davenpoet.  About  1,500  tons  a  month. 

Mr.  Morgan.  How  many  furnaces  have  you  f 

Mr.  Davenport.  Three  melting  furnaces. 

Mr.  Morgan.  Siemens  furnaces  f 

Mr.  Davenport.  Yes.  By  far  the  largest  part  of  our  steel  product  is 
melted  by  what  is  known  as  the  Siemens  Martin,  or  open-hearth,  process  5 
a  small  amount  of  special  steel  being  produced  in  crucibles.  We  have, 
at  the  present  time,  three  open-hearth  furnaces,  in  which  about  thirty- 
five  tons  of  steel  can  be  melted  at  one  time.  This  will  enable  us  to  cast 
an  ingot  of  sufficient  size  to  make  the  heaviest  single  part,  namely,  the 
tube  or  jacket  of  a  12-inch  steel  rifled  gun.  A  traveling  crane  is  now 
in  course  of  construction  to  serve  the  three  furnaces  above  mentioned, 
which  will  enable  us,  at  an  early  date,  to  cast  the  ingot  referred  to. 

Mr.  Morgan.  What  is  tlie  principal  businessthat  that  establishment 
is  now  engaged  in  ? 

Mr.  Davenport.  In  the  manufacture  of  locomotive  and  car-wheel 
tires,  locomotive  and  car  axles,  miscellaneous  forgings,  rolled  and  ham- 
mered merchant  steel  for  tools,  springs,  and  machine  purposes,  and, 
during  the  last  two  years,  a  considerable  amount  of  ordnance  work. 

Mr.  Morgan.  What  description  of  ordnance  work  have  you  been 
doing  f 

Mr.  Davenport.  In  the  spring  of  1877  we  were  first  asked  by  the 
Navy  Department  to  ftimish  some  short  tubes  for  reinforcing  Parrott 
guns.  These  tubes  were  successfully  manufactured,  and  the  test  speci- 
mens taken  from  the  same  fully  met  the  requirements. 

A  long,  soft  tube  and  a  harder  jacket  were  made  in  1878  for  the  con- 
version of  a  smooth-bore  Dahlgren  gun  into  a  9-inch  rifled  gun.  A  num- 
ber of  howitzer  forgings  have  also  been  furnished  to  the  Navy  from 
time  to  time.  In  the  spring  of  1881  the  steel  parts  of  the  Haskell 
6- inch  multicharge  gun  were  fabricated.  These  consisted  of  a  forged 
tube  and  breech  extension  piece,  and  unforged  solid  castings  for  the 
four  powder-pockets. 

We  heard  nothing  further  from  the  Government  until  the  spring  of 
1882,  when  Captain  Sicard,  the  chief  of  Bureau  of  Ordnance,  United 
States  Favy,  undertook  the  building  of  two  6-inch  breech-loading  rifle 
guns,  which  he  wished  to  make  entirely  of  American  steel,  the  one  to 
consist  of  a  tube,  jacket,  and  hoops ;  the  other,  of  a  tube  and  jacket, 
with  the  hoops  replaced  with  steel  wire  wound  on. 

The  Midvale  Company  undertook  to  make  the  forgings  of  all  the 
parts  of  these  guns  according  to  the  specifications  laid  down  by  the 
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Bareau,  and,  after  coDsiderable  exiM^rimentiDg,  succeeded  in  meeting 
all  requirements.  The  hooped  gun  was  completed  about  a  year  ago. 
We  forged  the  parts  and  sent  them  to  the  Washington  navy-yard,  where 
they  were  machine-finished  and  assembled.  The  gun  was  subjected  to 
the  firing  test  at  Annapolis  early  last  spring,  and  stood  a  large  number 
of  trial  rounds  satisfactorily.  The  above  was,  I  believe,  the  first  can- 
non above  3-inch  caliber  made  entirely  of  American  steel. 

When  work  on  the  above-mentioned  experimental  guns  was  well  under 
way,  and  it  had  been  demonstrated  that  the  material  could  be  produced 
of  the  quality  required,  it  was  decided  to  build  more  guhs  of  the  same 
kind,  and  an  order  was  placed  with  us  for  the  parts  of  eight  6-inch 
and  two  5  inch  hooped  guns,  to  be  used  in  arming  the  new  cruisers. 
Later,  to  complete  the  armament  of  the  Chicago,  twelve  more  6-inch 
guns  were  required,  and  we  again  contracted  to  make  the  steel  for  the 
same.    This  work  is  now  in  hand. 

In  July,  1883,  the  Ordnance  Board  of  the  Army  undertook  the  con- 
struction of  a  steel,  rifled  field-piece  of  3^^  inches  caliber.  The  various 
parts  required  were  given  to  us  to  make,  and  the  quality  of  the  metal, 
as  shown  by  the  tests,  proved  satisfactory.  The  piece  has  been  lately 
completed  at  the  Watertown  Arsenal,  and  has,  I  believe,  given  excel- 
lent results  in  firing. 

At  about  the  same  time  the  Ordnance  Department  of  the  Army  con- 
tracted with  us  for  the  manufacture  of  some  of  the  steel  parts  of  various 
pieces  of  heavy  ordnance,  which  it  had  planned  to  construct  These 
were  principally  the  hoops  for  a  12-inch  mortar,  which  was  to  have  a 
cast-iron  body ;  the  hoops,  breech-blocks,  &c.,  for  an  all-steel  rifled  gun, 
of  8-inch  caliber,  the  tube  and  jacket  for  which  had  been  ordered 
abroad,  as  our  facilities  were  not  equal  to  their  production;  also,  a  num- 
ber of  hoops,  rings,  &c.,  for  a  wire- wound  gun  with  cast-iron  body,  and, 
later,  the  steel  hoops  for  a  cast-iron  bodied  12inch  rifle. 

Most  thorough  tests  of  all  the  above-mentioned  steel  parts  have  been 
made  on  the  Government  testing  machine  at  Watertown,  and  the  re- 
sults have  in  general  been  so  satisfactory  as  to  elicit  a  very  compliment- 
ary notice  of  the  work  done  at  Midvale  by  the  Chief  of  Ordnance  in 
his  annual  report  for  the  present  year,  and  to  leave  no  doubt  that  the 
material  is  well  suited  to  the  construction  of  high-power  guns,  and  that 
such  material  can  be  now  furnished  at  these  works  with  uniformity  and 
certainty,  up  to  the  capacity  of  our  present  plant. 

I  may  also  mention  that  we  have  just  contracted  with  the  Army  Ord- 
nance Department  for  the  furnishing  of  fifty  steel  tubes  to  be  used  in 
converting  10-inch  cast-iron,  smooth-bore  guns  into  8-inch  rifles.  These 
conversions  have  heretofore  been  made  with  coiled  wrought-iron  tubes, 
as  made  by  the  West  Point  Foundry  Association,  at  Cold  Spring ;  but 
last  spring  the  Midvale  Company  made  a  trial  tube  of  steel  for  this  pur- 
pose, which  proved,  in  testing,  so  satisfactory  that  it  was  determined 
to  take  advantage  of  the  saving  of  expense  effected  by  the  use  of  steeJ 
over  wrought  iron,  and  to  make  the  conversions,  planned  for  the  com- 
ing year,  with  steel. 

We  are  now  in  hopes  that  the  Chief  of  Ordnance  will  see  his  way 
clear  to  the  construction  of  another  trial-type  gun  of  8-inch  caliber,  to 
be  made  entirely  of  American  steel ;  and  that  he  wUl  ask  proposals  for 
the  material  from  American  manufacturers,  as  we  are  now  engaged  in 
increasing  our  facilities  so  as  to  be  able  to  produce  the  forgings  required 
for  a  gun  of  this  caliber. 

Mr.  Morgan.  To  what  extent  do  you  finish  those  parts  you  have 
been  speaking  of  for  the  Navy  f 
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Mr.  Davenport.  At  present  we  can  only  rough-turn  and  bore  the 
hoops ;  and  have  not  the  necessary  facilities  for  rough-boring  and  turn- 
ing the  tubes  and  jackets.  The  oil  tempering  of  the  pieces  has  to  be 
done  after  boring,  and  we  therefore  have  arranged,  in  the  case  of  the 
material  furnish^  to  the  Kavy,  to  send  the  rough  forgings  of  tubes  and 
jackets  to  the  Washington  navy-yard  to  have  them  rough-bored  and 
turned  there;  they  are  then  returned  to  us  for  treatment.  After  treat- 
ment, we  cut  t'CStspecimens  from  each  piece,  as  directed  by  the  Gov- 
ernment inspector  stationed  at  these  works ;  these  specimens  are  tested 
by  the  ordnance  authorities,  and  each  piece  is  accepted  or  r^ected  on 
the  results  of  the  tests. 

Mr.  Morgan.  All  the  boring  then  of  thei^  tubes  and  jackets  is  done 
in  Washington  f 

Mr.  Davenport.  Yes ;  of  all  the  tubes  and  jackets  furnished  to  the 
Navy. 

Mr.  MoROAN.  Yon  have  no  facilities  at  the  Mid  vale  works  for  either 
boring  or  turning  f 

Mr.  Davenport.  No,  not  for  turning  and  boring  pieces  of  any  length, 
such  as  tubes  and  jackets.  The  lack  of  such  facilities  has  been  a  great 
disadvantage  to  us.  We  have  not  procured  such  tools,  partly  because 
we  have  had  no  suitable  shop  in  which  to  put  them ;  and,  also,  because 
we  know  that  no  tools  well  adapted  to  the  work  have  as  yet  been  made  in 
this  country.  An  extension  to  our  machine-shop  is  now  being  planned, 
with  a  view  of  there  erecting  lathes  for  boring  and  turning  all  the  parts 
of  heavy  guns,  together  with  ample  crane  facilities  for  handling  the 
same. 

Mr.  MoROAN.  When  you  say  no  such  tools  are  made  in  this  country, 
you  mean  of  the  size,  not  of  the  pattern  f 

Mr.  Davenport.  There  have,  of  course,  been  made  numbers  of  bor- 
ing and  turning  lathes,  and  some  of  them  of  great  size,  which  have 
been  used  in  making  cast-iron  ordnance;  but  for  boring  and  turning 
steel  economically  much  more  power  is  required,  both  for  driving  the 
lathe  and  for  feeding  the  tool,  than  is  the  case  with  cast  iron,  and  we 
have  not  thought  it  advisable  to  put  in  any  tools  that  were  not  as  good 
as  can  now  be  made  for  the  purpose  for  which  they  are  intended. 

Mr.  MoROAN.  Well,  these  lathes  at  Washington  answer  the  purpose, 
do  they  not  f 

Mr.  Davenport.  Yes,  there  are  a  large  number  of  lathes  there  and 
in  other  shops,  on  which  the  work  can  be  done,  but  not  economically. 

Mr.  Morgan.  You  have  no  idea  that  such  tools  could  not  be  made  in 
the  United  States! 

Mr.  Davenport.  Without  doubt  such  tools  can  be  made  in  this 
country.  The  development  of  such  machines  must,  of  course,  be  some- 
what gradual.  European  makers  have  doubtless  accumulated  much 
valuable  experience  bearing  upon  the  subject  during  the  last  ten  or  fif- 
teen years.  There  are,  however,  in  this  country,  tool-makers  who  are 
so  skillful  in  tool-building,  and  who  are  so  well  pnosted  as  to  what  has 
been  done  elsewhere,  that  they  can,  without  doubt,  construct  the  tools 
as  soon  as  they  become  familiar  with  the  requirements  of  the  work  to  be 
done  on  them,  and  as  soon  as  a  demand  arises  for  such  machines. 

Mr.  MoROAN.  This  oil-bath  that  you  speak  of— is  that  a  process  of 
tempering  metal  t 

Mr.  Davenport.  Yes ;  it  tempers  or  hardens  the  metal,  but  it  also 
breaks  up  a  coarse,  crystalline  or  irregular  structure  and  renders  a  mass 
of  steel  more  amoiphous. 
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Mr.  Morgan.  When  did  yon  bnild  the  tanks  in  which  this  temporiu^ 
takes  place? 

Mr.  Davenport.  Early  last  spring.  We  have  had  our  oil-tempering 
tanks  in  operation  about  nine  months.  We  have  lately  constmctedY  and 
have  in  successful  operation,  an  oil-tempering  plant  where,  with  slight 
modifications,  the  largest  parts  of  an  8-inch  steel  gun  can  be  oil-tempered. 

Mr.  Morgan.  Do  you  use  them  for  tempering  these  gunsf 

Mr.  Davenport.  Entirely  for  that  purpose. 

Mr.  Morgan.  I  suppose  the  expense  of  transporting  these  guns  to 
Washington  and  back  is  borne  by  the  Government  f 

Mr.  Davenport.  Yes. 

Mr.  Morgan.  Do  you  make  the  steel  out  of  which  you  build  these 
parts  of  guns,  or  cast  these  parts  of  guns,  out  of  American  material  t 

Mr.  Davenport.  Not  entirely;  partly  of  American  and  partly  of 
foreign  material. 

Mr.  Morgan.  What  is  about  the  proportion  of  American  material  f 

Mr.  Davenport.  About  one-half. 

Mr.  Morgan.  What  description  of  material  is  that — ^pig-iron  or 
blooms  t 

Mr.  Davenport.  Mostly  blooms. 

Mr.  Morgan.  Where  from  f 

Mr.  Davenport.,  ,From  the  Northern  New  York  or  Lake  Champlain 
district. 

Mr.  Morgan.  Where  do  you  get  the  pigf 

Mr.  Davenport.  It  is  partly  English  and  partly  Swedish. 

Mr.  Morgan.  What  is  the  cost  of  the  Swedish  pigf 

Mr.  Davenport.  About  $40  a  ton. 

Mr.  Morgan.  How  much  is  it  in  England  f 

Mr.  Davenport.  About  $28  or  $30. 

Mr.  Morgan.  What  is  the  cost  of  blooms  f 

Mr.  Davenport.  About  $52  a  ton. 

Mr.  Morgan.  You  of  course  use  spiegel  and  ferro-manganeset 

Mr.  Davenport.  We  do. 

Mr.  Morgan.  Is  the  ferro-manganese  an  American  production  or 
foreign? 

Mr.  Davenport.  Both.  Up  to  within  about  a  year  it  was  nearly  all 
imported.  It  is  now  made  at  the  Edgar  Thomson  Works,  near  Pitts- 
burgh. 

Mr.  Morgan.  Have  you  used  any  of  the  New  Jersey  spiegel  f 

Mr.  Davenport.  Yes,  from  time  to  time. 

Mr.  Morgan.  Is  it  good! 

Mr.  Davenport.  Very  good. 

Mr.  Morgan.  Ha\  e  you  used  any  American  metal  that  will  make 
good  open-hearth  steel — make  gun-metal,  for  instance,  without  mixture 
with  foreign  metals  f 

Mr.  Davenport.  Yes ;  open-hearth  steel  of  the  highest  quality  can 
be  produced  from  materials  made  entirely  from  American  ores.  High 
quality  in  steel  depends,  in  great  part,  upon  a  low  percentage  of  phos- 
phorus in  it;  and,  up  to  the  present  time,  there  have  been  found  but 
few  American  ores  which  give  a  pig-iron  very  low  in  phosphorus.  The 
blooms  from  Northern  New  York,  however,  of  which  I  have  already 
spoken,  are  most  excellent  in  quality,  and  two  processes  have  been  in- 
troduced lately  into  this  country,  by  either  of  which  large  quantities  of 
material,  low  in  phosphorus,  can  be  produced.  I  speak  of  the  ^^ basic" 
Bessemer  process,  that  has  been  successfully  tried  at  the  Pennsylvania 
Steel  Works,  at  Steelton ;  and  of  the  ^^  Krupp  "  process  for  washing  phos- 
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pborus  from  pig-iron,  by  melting  it  in  an  open-hearth  furnace,  on  a  bot- 
tom made  of  oxide  of  iron.  This  last  process  is  being  successfully  op- 
erated by  a  firm  at  Youngstown,  Ohio.  We  have  analyzed  and  used 
some  of  their  product,  finding  it  very  pure  and  suitable  for  making  the 
highest  grade  of  open-hearth  steel. 

Mr.  Morgan.  The  question  of  cost  aside,  could  you  assemble  at  Mid- 
Vale  all  the  material  for  making  steel  from  the  United  States f   . 

Mr.  Davenport.  1  think  we  could,  undoubtedly. 

Mr.  Morgan.  Inclading  spiegel,  manganese,  &c.f 

Mr.  Davenport.  Yes. 

Mr.  Morgan.  And  in  sufficient  quantities  to  supply  any  demand  the 
Government  might  makef 

Mr.  Davenport.  Undoubtedly. 

Mr.  Morgan.  Do  you  make  chemical  analyses  of  the  steel  you  pro- 
duce! 

Mr.  Davenport.  Yes ;  we  make  constant  analyses  of  all  our  steel. 

Mr.  Morgan.  Do  you  mean  you  analyze  every  run! 

Mr.  Davenport.  Not  completely.  We  determine  carbon  in  every 
run ;  but,  for  gan  work,  a  complete  analysis  of  every  heat  is  made. 
Every  heat  is  tested  before  the  forgings  are  made. 

Mr.  Morgan.  Physical  tests  f 

Mr.  Davenport.  Yes,  sir. 

Mr.  Morgan.  I  want  to  get  the  proportion  of  d^eterious  agents  you 
leave  in  this  steel  when  you  make  it. 

Mr.  Davenport.  There  is,  beside  carbon  and  iron,  not  far  from  one 
per  cent,  of  other  substances. 

Mr.  Morgan.  You  think  you  can  find  American  ores  in  abundance 
that  would  yield  steel  with  no  greater  percentage  of  foreign  matter  than 
thatf 

Mr.  Davenport.  Without  doubt,  with  the  aid  of  the  purifying  pro- 
cesses already  referred  to. 

Mr.  Morgan.  Have  you  used  the  Lake  Superior  metal  f 

Mr.  Davenport.  Very  little. 

Mr.  Morgan.  Do  you  make  the  open-hearth  of  higher  grade  than 
Bessemer! 

Mr.  Davenport.  Yes ;  as  a  rule. 

Mr.  Morgan.  Betnming  to  these  pieces  of  gans  that  you  make;  do 
you  hammer  those  guns  in  your  establishment! 

Mr.  Davenport.  Yes.  We  have  to  date  only  forged  tubes  and  jack- 
ets for  six-inch  all-steel  rifled  guns  under  our  hammer ;  but,  in  our 
opinion,  the  same  parts  for  eight-inch  guns  can  be  there  successfully  pro- 
duced, and  heavy  power-cranes  are  now  being  constructed  to  replace  our 
present  cranes,  with  this  end  in  view. 

Mr.  Morgan.  What  is  the  power  of  the  hammer? 

Mr.  Davenport.  Between  9  and  10  tons  falling  weight.  There  is 
steam  admitted  on  top  the  piston,  which  largely  ad<&  to  the  force  of  the 
blow.    It  is  of  William  Sellers  &  Co.'s  make. 

Mr.  Morgan.  Are  the  pieces  hammered  solid  f 

Mr.  Davenport.  Yes ;  the  tubes  and  jackets  are  so  hammered.  The 
hoops,  however,  are  hammered  on  a  mandrel  or  are  rolled.  In  rolling 
a  hoop  we  make  it  in  the  same  way  as  we  do  a  tire.  We  have  adapted 
our  tire-mill  to  the  rolling  of  steel  rings  12^  inches  wide  for  hooping 
large  guns.  We  have  now  under  consideration  plans  for  increasing 
our  rolling  capacity  so  as  to  produce  rings  24  inches  wide. 

Mr.  Morgan.  Is  there  any  preference  between  rolled  and  hammered 
hoops t 
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Mr.  Davenport.  1  think  not.  Experience  so  far  shows  rolled  equal 
to  hammered  hoops.  There  is  very  little  difference,  if  any.  In  the  mat- 
ter of  forging  gun- rings  or  hoops  we  have  designed  and  now  have  in 
successful  operation  tools  for  the  production  of  such  hoops  18  inches 
wide  and  30  inches  in  diameter,  and  coujd  easily  increase  our  facilities 
in  this  direction. 

Mr.  MoRaAN.  Do  you  ever  practice  liquid  compression  of  metals  t 

Mr.  Davenport.  No  ;  and  as  regards  such  compression  we  cannot 
speak  from  actual  experience;  we  can,  however,  say  from  the  results 
of  the  tests  made  by  the  Government  in  our  steels,  that  if  proper  pre- 
cautions are  taken  in  the  melting  of  the  metal,  most  excellent  material 
can  be  produced  for  gun  purposes  without  fluid  compression.  Its  use, 
however,  may  possibly  in  the  fUture  be  found  desirable  from  an  econom- 
ical point  of  view. 

Mr.  Morgan.  You  do  not  use  hydraulic  power  f 

Mr.  Davenport.  Not  in  an  extensive  way  as  yet.  We  have  some 
special  machiuQS  driven  by  hydraulic  power. 

Mr.  Morgan.  I  suppose  you  have  no  special  experience  by  which 
you  could  compare  the  value  of  a  compressor  having  hydraulic  force  and 
the  steam  hammer  t 

Mr.  Davenport.  Only  by  comparing  tests  of  our  material  with  those 
of  material  made  at  fpreign  establishments  where  they  forge  with  a  press 
instead  of  a  hammer — as  at  the  works  of  Sir  Joseph  Whitworth,  for  in- 
stance. 

Mr.  Morgan.  Have  you  done  that  f 

Mr.  Davenport.  The  Army  and  Navy  have  a  number  of  comparative 
results. 

Mr.  Morgan.  Personally,  you  have  not  made  any  f 

Mr.  Davenport.  No  ;  I  can  only  say  that,  as  a  rule,  the  results  of 
tests  of  our  metal  compare  very  favorably  with  the  tests  of  imported 
steel.  Mention  of  this  fact  is  made  in  this  year's  report  of  the  Ohief  of 
Ordnance.  As  to  the  best  manner  of  forging  large  masses  of  steel,  we 
are  of  the  opinion  that  a  hydraulic  press  would  be  more  efiBcient  and 
more  generally  useful,  as  well  as  more  economical,  than  a  very  large 
hammer.  Such  a  press  could  be  well  adapted,  we  think,  to  the  manu- 
facture of  solid  steel  armor  plate. . 

The  design  and  construction  of  this  press  would,  of  course,  require 
considerable  time  and  a  large  outlay  of  money.  A  much  larger  oil-tem- 
pering plant  than  that  we  now  have  would  be  necessary ;  the  experience, 
however,  which  we  have  already  had  in  this  direction,  would  much  fa- 
cilitate the  construction  of  a  new  plant. 

Mr.  Morgan.  Do  you  make  boiler  plate  ? 

Mr.  Davenport.  No  ;  we  have  made  steel  blooms  for  boiler  plate, 
but  at  present  do  not  roll  it  ourselves. 

Mr.  Morgan.  Do  you  furnish  any  angle-iron  to  shipbuilders f 

Mr.  Davenport.  No  ;  we  have  never  rollei}  any  shapes  for  ship-buJId- 
ing.  We  were,  however,  one  of  the  first  concerns  to  undertake  the 
making  of  steel  shapes,  such  as  angles,  channels,  and  beams ;  and  we 
rolled  about  10,000  tons  of  such  material  for  the  New  York  and  Brook- 
lyn bridge.  All  the  material  in  the  superstructure  of  that  bridge  was 
rolled  at  our  place.  Since  then  our  melting  capacity  has  not  been  such 
as  to  warrant  a  general  business  of  the  kind. 

Mr.  Morgan.  That  was  all  steel  work  f 

Mr.  Davenport.  Yes,  it  was  Bessemer  steel  made  at  Cambria,  and 
delivered  to  us  in  the  shape  of  steel  blooms. 

Mr.  Morgan.  Do  you  make  shafts  for  steamers  f 
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Mr.  Davenport.  We  make  miscellaneous  forgings,  and  have  ma^e 
some  steamship  shafts^  but  nothing  very  large. 

Mr.  Morgan.  What  is  the  largest  shaft  you  have  forged  t 

Mr.  Davenport.  Out  largest  forgings  have  been  for  gun  work.  The 
tube  for  a  G-inch  steel  rifle  is  about  as  heavy  as  any  forging  we  have 
ever  made.  We  expect,  however,  with  our  new  facilities,  to  make  shafts 
up  to  ten  tons  in  weight. 

Mr.  Morgan.  How  much  would  you  have  to  enlarge  your  present 
melting  capacity  to  produce,  say,  150  tons  a  day  of  melted  steel  f 

Mr.  Davenport.  To  make  150  tons  in  24  hours  we  would  have  to 
about  double  our  melting  capacity. 

Mr.  Morgan.  From  that,  though,  you  could  not  get  a  run  of  150  tons 
atone  timef 

Mr.  Davenport.  No,  we  could  not.  The  largest  ingot,  however, 
which  has  been  called  for  by  the  Gun  Foundry  Board  is  to  weigh  100 
tons;  and  we  could  obtain  that  weight  in  one  run  by  adding  three  or 
four  furnaces  to  our  present  plant. 

Mr.  Morgan.  In  a  single  casting  1 

Mr.  Davenport.  Yes. 

Mr.  Morgan.  What  fuel  do  you  use  in  making  this  steel  1 

Mr.  Davenport.  We  use  semi-bituminous  coal  from  the  Clearfield 
district :  and,  for  melting,  a  considerable  amount  of  gas-coal  slack. 

Mr.  Morgan.  Do  you  find  any  phosphorus  in  the  larger  anthracite 
coals  f 

Mr.  Davenport.  There  is  generally  but  a  small  amount  of  phos- 
phorus in  the  coals  we  use ;  and  as  the  metal  is  not  brought  in  direct 
contact  with  the  fuel,  the  phosphorus  is  not  absorbed  by  the  steel. 

Mr.  Morgan.  How  would  it  be  in  the  Bessemer  process  f 

Mr.  Davenport.  During  the  operation  of  melting  in  the  cupola  the 
metal  may  absorb  some  phosphorus  ftom  the  fuel. 

Mr.  Morgan.  The  fuel  you  use  is  good  for  the  purpose. 

Mr.  Davenport.  Yes. 

Mr.  Morgan.  Having  no  bad  agents  f 

Mr.  Davenport.  No,  we  get  first-rate  fuel  if  we  pay  enough  for  it. 

Mr.  Morgan.  And  you  can  get  any  fuel  you  wish  to  use  for  making 
steel  of  high  quality  f 

Mr.  Davenport.  Yes. 

The  Chairman.  You  feel  assured  you  can  have  capital  necessary  to 
increase  your  works  at  any  time  on  suitable  inducements  t 

Mr.  Davenport.  I  should  think  so.  In  this  connection  I  may  men- 
tion that  the  Mid  vale  Company  has  made  an  informal  proposition  to  the 
Gun  Foundry  Board,  in  which  it  proposed  to  make  the  necessary  ad- 
ditions to  its  plant  for  the  production  of  the  rough  bored,  turned, 
and  oil-tempered  parts  of  guns,  up  to  and  including  those  of  12-inch 
caliber,  in  case  a  contract  could  be  made  with  the  Ordnance  Depart- 
ments of  the  Government  for  a  definite  amount  of  steel  at  a  fixed  price, 
to  be  delivered  within  a  given  time. 

The  Chairman.  That  is  to  say,  in  short,  upon  a  reasonable  contract 
you  can  put  up  the  necessary  plant  t 

Mr.  Davenport.  Yes,  we  would  probably  undertake  to  do  so.  Such 
a  plant,  designed  for  the  production  of  the  parts  of  12-inch  guns,  would 
be  laid  down  with  a  view  of  increasing  it  in  the  future  for  heavier  guns; 
and  we  are  of  the  opinion  that  it  is  desirable  to  undertake  the  moderate 
sized  guns,  say  up  to  12-inch  caliber,  before  building  our  ultimate  plant  for 
the  production  of  the  parts  of  as  heavy  a  gun  as  of  lO-inch  caliber,  or 
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100  tons.  Certaiu  parts,  of  course,  of  the  first  plant  could  be  made  6o 
as  to  meet  future  requirements  for  heavier  work. 

Mr.  Morgan.  What  would  be  the  length  and  caliber  of  a  100-ton 
gun! 

Mr.  Davenport.  Approximately,  44  feet  long,  with  a  caliber  of  about 
16  inches. 

Mr.  Morgan.  Your  company  would  not  undertake  to  deliver  guns  to 
the  Government  entirely  complete f 

Mr.  Davenport.  I  think  it  would  consider  such  a  proposition,  al- 
though our  estimates,  upon  which  our  proposals  to  the  Gun  Foundry 
Board  were  based,  only  covered  the  production  of  the  various  parts  of 
guns,  rough  bored  and  turned  and  oil-tempered.  The  same  tools  that 
would  be  provided  for  roug}i  boring  and  turning  might  be  used,  in  part, 
for  finishing,  but  additional  tools  would  be  required,  such  as  a  rifling 
machine,  additional  lathes,  &c.,  and  increased  crane  facilities  would 
also  be  needed,  together  with  shrinkingpits  for  assembling  the  parts 
and  shrinking  them  together.  -  These  Editions  to  the  plant  would,  of 
course,  add  much  to  its  cost,  and  we  would  only  consider  the  maUng 
of  the  necessary  outlay  in  case  a  snJB&cient  amount  of  work,  either  in 
the  shape  of  parts  of  guns  rough  bored  and  turned  and  oil-tempered,  or 
as  completed  pieces,  could  be  guaranteed  to  us  by  the  Government 
within  a  specified  time. 

Mr.  Morgan.  Well,  the  complete  establishment  to  turn  out  the  steei 
and  manufacture  the  gun  would  be  more  economical,  would  save  more 
money,  would  it  not  f 

Mr.  Davenport.  Yes;  1  think  that  the  completed  work  could  be  more 
cheaply  done  at  one  establishment  than  in  any  other  way.  There  may, 
however,  be  objections  to  this  plan. 

Mr.  Morgan.  What  are  they  f 

Mr.  Davenport.  The  men  who  have  given  most  study  to  the  matter 
are  the  ordnance  officers  of  the  Army  and  Navy,  and,  in  the  design  and 
construction  of  the  guns,  their  knowledge  and  experience  should  be 
utilized  and  considered. 

Mr.  Morgan.  Suppose  you  had  the  advantage  of  all  that  in  constant 
inspection  and  in  testing  the  merits  of  the  piece  after  it  was  finished  f 

Mr.  Davenport.  Apart  from  other  considerations,  the  execution  of 
the  work  of  constructing  and  finishing  the  guns  can  be  done  more 
cheaply,  I  think,  by  the  same  establishment  that  manufactures .  the 
material  than  by  another. 

Mr.  Morgan.  The  Army  and  Navy  officers  would  apply  the  same 
tests  as  you  would  f 

Mr.  Davenport.  Under  any  circumstances  we  should  expect  to  have 
the  testing  of  the  material  done  under  the  supervision  of  Army  and 
Navy  officers. 

Mr.  Morgan.  They  would  resort  to  the  same  tests  you  employ,  chemi- 
cal and  physical  f 

Mr.  Davenport.  The  Government  inspectors  make  no  chemical 
tests,  and  the  steel  makers  would  not  wish  to  be  bound  both  by  chemical 
and  physical  specifications.  We  undertake  to  furnish  each  piece  of  such 
metal  as  will  show,  in  a  number  of  specimens  cut  from  the  same,  when 
tested  on  the  Government  machines,  a  specified  tensile  strength,  elas- 
tic limit,  per  cent,  of  elongation  and  contraction ;  but  the  chemical  com- 
position is  left  to  our  own  judgment. 

Mr.  Morgan.  If  you  were  making  guns  now,  as  a  commercial  enter- 
prise for  foreign  nations,  would  you  apply  the  same  physical  tests  as 
the  Army  and  Navy  officers  do  now  t 
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Mr.  Datenpobt.  Tea ;  we  do  now  make  maDy  sach  testB,  several  in 
each  piece  during  the  coarse  of  manufacture ;  by  them  we  are  guided  in 
obtiaining,  with  certainty,  the  qualities  required. 

Mr.  Morgan.  Of  course,  the  drawings  of  the  gun  would  be  presented 
to  you  by  the  Government,  and  then  you  would  make  up  the  pieces 
and  put  them  together,  having  them  tested  as  you  went  along,  and 
when  you  get  your  gun  completed  it  would  be  as  good  perhaps  as  if 
made  by  an  ordnance  officer  of  the  Army  or  Navy  f 

Mr.  Davenport.  I  see  no  reason  why  it  should  not  be  so,  as  the 
work  would  be  done  under  constant  supervision  of  the  officers  you  refer 
to.  I  am  not  prepared  to  express  it  as  my  opinion,  that  the  plan  you 
suggest  would,  in  all  respects,  be  the  best  to  follow.  I  merely  wished 
to  say  that  it  would  be  perfectly  practicabHfor  the  same  establishment 
to  furnish  the  steel  and  make  the  completed  guns,  and  that  it  would 
probable  cost  the  Government  less  money.  On  the  other  hand  the 
establishment  of  the  gun  factories  by  the  Government,  as  proposed  by 
the  Gun  Foundry  Board,  would  undoubtedly,  at  the  outset,  greatly  expe- 
dite the  work;  would  relieve  the  private  manufactures  of  a  considera- 
ble portion  of  the  necessary  outlay,  and  would  in  the  future,  after  the 
first  large,  hurried  demands  of  the  Government  are  filled  and  private 
concerns  have  grown  to  a  point  where  they  can  easily  undertake  the 
manufacture  of  the  completed  guns,  serve  as  suitable  shops  for  experi* 
mental  work  and  for  meeting  demands  in  times  of  emergency. 

Mr.  Morgan.  What  I  wished  to  find  out  was,  whether  the  American 
manufacturers  have  confidence  in  themselves  that  they  could  build  as 
good  guns,  good  ships,  and  good  engines,  as  anybody  else  could  build  t 

Mr.  Davenport.  Of  that  I  think,  after  due  experience,  there  can  be 
no  doubt. 

The  Ohatrman.  Mr.  Jaques,  do  you  wish  to  ask  any  questions  f 

Mr.  Jaques.  If  you  were  to  advise  the  directors  of  your  company  as 
to  whether  they  should  enter  into  a  contract  with  the  Government  to 
provide  tempered  material  or  the  finished  guns,  which  would  you^  as 
superintendent  of  the  works,  advise  f 

Mr.  Dayenport.  In  my  opinion,  it  would  be  best  for  my  company  to 
begin  with  the  production  of  the  rough  bored  and  turned  and  oil-tem- 
pered material  only }  the  problems  to  be  solved  in  the  successful  manu- 
facture of  such  material  are  numerous  and  difficult. 

Mr.  Morgan.  After  the  materials  are  prepared,  the  balance  of  the 
work  to  be  done  on  the  gun  is  entirely  machine  work  f 

Mr.  Davenport.  Not  entirely ;  besides  the  machine  work,  the  parts 
must  be  shrunk  together. 

Mr.  Morgan.  With  that  exception  it  is  machine  work  f 

Mr.  Davenport.  Yes. 

Mr.  Morgan.  A  man  who  could  work  the  machine  could  put  the  gun 
together,  could  he  nott 

Mr.  Dayenport.  The  same  men  would  not  do  the  two  kinds  of  work. 
The  shrinking  would  require  specially  prepared  pits,  furnaces,  and 
cranes,  and  men  trained  to  the  work. 

Mr.  Morgan.  Which  requires  greater  skill— bringing  the  material  up 
to  the  perfected  tube,  or  from  that  on  to  when  the  gun  is  finished  t 

Mr.  Davenport.  The  work  is  so  different  that  comparison  is  difficult; 
•  there  are,  undoubtedly,  much  greater  difficulties  to  be  overcome  in  the 
production  of  the  material,  of  the  qualities  desired,  than  in  finishing 
the  guns,  and  there  are  also  much  greater  risks  in  the  work. 


Watebtown  Absenal,  Massachusetts, 

'     Auffust  14, 1884. 
Gentlemen:  I  send  inclosed  copies  of  the  records  of  tests  of  both 
Whitworth  and  Mid  vale  st^ls. 

These  tests  were  made  at  this  arsenal,  on  the  Government  testing- 
machine,  in  tl^e  ordinary  coarse  of  testing  work  of  the  Ordnance  De- 
partment, United  States  Army,  reqaired  in  the  construction  of  experi- 
mental gons. 

It  will  be  seen  from  an  examination  of  the  record  that  specimens  from 
the  Whitworth  8-iuch  gun-tabe  give  better  results  than  those  from  the 
Midvale  tube  of  the  same  caliber,  but  that  the  8-inch  hoops  and  12-inch 
hoops  from  Midvale  show  higher  qualities  than  either  the  tube  or  hoops 
from  Whitworth. 

F.  H.  PARKBB, 
Moffory  Ordnance  Departmentj  XT.  S.  A.,  Commanding. 

To  the  Select  Committee  of  the  United  States  Senate 

on  Ordnance  and  War  Ships. 


RESULTS  OF  TESTS, 
MIDVALE  STEBL,  FROM  12-INCH  MORTAK  HOOPS. 


Chameter  of  broken  (rarfaoe. 


Silky,  InteisperMd  with  Hue  gnna- 

UttOHB. 

Do. 
Do. 
Do. 


>  6-iscli  speoimens. 
i  8-inoh  speolBieas. 


WHITWOBTH  STEEL,  FBOM  a-INOH  EIFLE  TBUNNION  HOOPS. 


g-in.  B,  1973  . 
8-in.  B,  1972 . 
S-ln.  B,  1972  . 

89,000 
40,000 
80,000 

92,120 
91.960 
70,000 

.1700 
.1788 
.1788 

82.2 
52.2 
47.2 

Fine  silky.  1 

DnU  silky  00  per  oent,  flnegianolsr  ( ^^^^ 
40  per  cent.  J 
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RESULTS  OF  TA'5T5— Continued. 
MIDVALE  STEEL.  FROM  8-INGH  RIFLE  HOOPS. 


Marka. 


tip 


"BiAxx 62,000  |107, 280 


RBan  • 
RB«i. 
RB4i.. 


RB49... 

RA5i  .. 

RA5s.. 
RAlli. 
RAlla. 
RB3,... 
RB3s... 
RC4g... 
RCaf... 
RAok.. 
RAxi.. 
RBfl^i.. 
RB<r4.. 


62,000  '107,200 

58.000  Il03.280 
55.000  101.840 
50,000  .102,880 

50,000  1104,440 

48,000  ;  85.002 


RB4t... 
RB44... 
RA5,.. 

RA54.. 
RAlls. 
RB8t... 
RB8«... 


I 


51.000 
60.000 
59,000 
67,000 
62,000 
66.000 
50,000 
65.000 
66.000 
61,000 
60,000 

57.000 
54,000 
60,000 

60.000 
63,000 
65,000 
70,000 


!  00.240 
1108.400 
108,600 
118.600 
1110,000 
115, 160 
;  100, 800 
1 105, 200 
109,240 
1104.360 
104,000 

102,960 
100,000 
98,020 

100,400 
108,000 
108,020 
111,160 


s. 

1 

4 

!l 

1^ 

•^ 

II 

1 

0.1317 

41.0 

.1667 

41.9 

.1600 

30.2 

.1567 

39.2 

.1400 

47.2 

.1317 

89.2 

.1383 

54.6 

.1367 

57.0 

.15 

39.2 

.1150 

27.6 

.1183 

39.2 

.11 

39.2 

.1367 

39.2 

.12 

86.4 

.1033 

52.2 

.1767 

44.6 

.1867 

39.2 

.1867 

39.2 

.1963 

41.9 

.1767 

44.6 

.20 

52.2 

.1767 

47.2 

.1666 

39.2 

.1667 

89.2 

.15 

39.2 

Character  of  broken  aarfMe. 


Fine  granular.  60  per  cent;  doll 
center.  40  per  cent. 

Fine  graiialar.  50  per  cent. ;  smoky 
center,  50  per  cent. 

Fine  granalar;  amoky  center. 

Fine  granalar ;  dnll,  smoky  center. 

Fine  granular;   dull,    smoky  spot 
near  center. 

Fine  granalar ;  dull  spot  near  cen- 
ter. 

Silky,  interspersed  with  fine  grann- 
lation. 
Do. 

Fine  granular;  dull  center. 

Dol 

Do. 

Do. 

Do. 
Silky,  slightly  granalar. 
Fine  granabu* ;  dull  center. 
Fine  granular. 
Fine    granalar ;    smoky  spot  near 

center. 
Fine  granular;  dull,  smoky  center. 

Silky,  interspersed  with  fine  granu- 

lation. 
Finegrannlar. 

Do! 
Do. 


^6-inch  specimens. 


^3-inch  specimens. 


Hn>yALE  STEEL,  FROM  8-IKCH  TT7BB.* 


BTt 

38,000 
35.000 

35,000 

41,000 
42,000 
40,000 
45,000 
40,000 
33,000 

36,000 

40,000 

79.060 
79,600 

70,600 

82,400 
81,000 
79. 120 
79,880 
78,480 
77.620 

76,920 

82,000 

0.20 
.24 

.24 

.28 
.237 
.26 
.807 
.32 
.20 

.217 

.18 

27.6 
30.8 

33.6 

42.0 
80.8 
42.0 
56.8 
56.8 
30.8 

27.6 

39.2 

Granular,  80  per  cent. 

Granalar,  60  per  cent ;  dull  spongy 

spot,  40  per  cent. 
Granular,  60  per  cent ;  dull  spongy 

spot.  40  per  cent. 
Dull  spongy,  slightly  granalar. 
Granular. 

Dull  spongy,  slightly  granalar. 
SUky^pongy. 

Granalar,  60  per  cent ;  dnll  spongy, 
40  per  cent. 

Granalar.  Small  dull  spot  at  cir- 
cumference. 

Granular,  00  per  cent. ;  dull  spongy, 
40  per  cent 

MT, 

MTi 

MTt 

BLT 

BLB 

BRi 

BRs 

MRi 

WHITWORTH  STEEL  FROM  8.IKCH  TOBE.  • 


B. 
C 
H 
I. 
J. 
P. 
R 


53,000  86.040  j 
54,000  i  89.320  I 
44.000  I  84,000  : 
60.800  |104,000 
52,800  9.1.280  \ 
07,000 


.  2467  I  47. 2 
.24      147.2 


50.760 
53,000 
51.000 


100.560 
91,600  ' 


.20 
.21 


.1733 

.12 

.20 


44.6 
44.6 
36.4 
3^4 
11.8 
36.4 


>  3-inch  specimens. 


Silky,  slightly  granular. 

Silky,  irregular  surface. 

Silky. 

Silky,  slightly  giunnlar. 

Finegrannlar. 

Granular.  \ 

Silky,  50  per  cent. ;  granular,  50  per  S  2- inch  specimens, 
cent.  ) 


*  KOTK.— It  is  to  be  remarked  that  the  Whitworth  metal  had  been  oil-tempered ;  while  in  the  ease  of 
the  Midvalo  8-inch  tube,  the  tabe  In  its  ftbrication  was  not  oil-tempered,  but  simply  annealed,  in  ac- 
cordance with  the  specifloationa  of  the  contract  under  which  it  was  made.  This  would  aooount  fbr 
the  lower  elastio  limit,  reLative  to  the  tensile  strength  in  the  Mldvale  metal  as  compand  with  tha 
Whitworth.     (CHAnocAV.)  ^ 


336 


OKDNANCE    AND    WAR    SHIPS. 


a' 


V^ 


ForiM  of  specimens. 


i 


.1 


*-  4' 


*-      z' 


LETTES  7B0M  THE  VOBRISTOWV  ISOV  WOBKS. 

NOEBISTOWN,  Pa.,  July  28, 1884. 

Gentlemen  :  Tour  circular  of  July  16  is  received.  We  do  not  man- 
ufacture steel  of  any  kind,  or  heavy  iron  for  vessels ;  therefore  cannot 
answer  any  of  the  questions  in  relation  to  those  articles.  We  did  make 
heavy  iron  plates  for  building  the  Ganouicus,  Napa,  and  Saugus  during 
the  late  war,  but  have  since  disposed  of  our  plant  for  that  kin^  of 
work,  and  only  make  skelp  iron  for  gas  and  water  pipes,  as  well  as  the 
pipes.  Our  opinion  as  to  the  best  points  for  the  erection  of  works  for 
the  manufacture  of  guns  or  the  building  of  iron  vessels  by  the  Ooveni- 
ment  would  be  League  Islaud,  Philadelphia.  If  the  vessels  were  to  be 
built  by  private  parties  we  tliink  Roach's,  of  Chester,  the  best  point. 
The  materials  can  be  brought  to  these  places  at  a  very  low  cost,  on  ac- 
count of  the  competition  of  the  different  railroads,  as  well  as  the  excel- 
lent water  communication  with  all  the  iron  and  steel  mills  of  Pennsyl- 
vania. 

Yours  truly, 

JAMES  HOOVEN  &  SON. 

To  the  Select  Committee j  dc. 


LETTBE  7B0M  THE  OHIO  IBOV  COMPAHT. 

[The  Ohio  Iron  Compaoy,  mannfaotaren  of  pig,  bar,  hoop,  and  angle  ixon,  light  T- 

rail,  and  railway  spikes.] 

Zanesytlle,  Ohio,  July  28, 1884. 
Obntlemen  :  In  response  to  your  circular  of  the  16th  instant,  I  beg 
to  say  that  this  establishment  does  not  make  any  steel. 

It  seems  to  me,  however,  that  we  have  plants  in  this  country  capable 
of  producing  steel  of  auy  desired  grade  or  quantity,  and  if  none  of 
them  now  have  the  requisite  machinery  to  make  heavy  ordnance,  some 
of  them  would  undoubtedly  put  it  in  if  they  had  a  sufficient  order  to 
warrant  the  expenditure. 

If  this  be  net  so  I  entirely  miiyudge  the  enterprise  and  spirit  of  my 
countrymen. 

I  have  the  honor  to  be,  very  respectfully, 

M.  OflUROHILL, 

President 
To  the  Select  OommUteCj  die, 
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STATEMENT  OF  MR.  CHARLES  A.  OTIS. 

Cleveland,  Ohio,  Fdn-uary  9, 1885. 

The  Chaibman.  Please  state  your  name  and  present  position. 

Mr.  Otis.  Charles  A.  Otis,  president  of  the  Otis  Iron  and  Steel  Com 
pany,  Cleveland,  Ohio. 

The  Chaibman.  Please  give  your  age  and  your  practical  experience 
in  Hie  subjects  this  committee  is  investigating. 

Mr.  Otis.  I  am  fifty-seven  years  of  age,  and  have  been  engage^  in 
the  manufacture  of  iron  and  steel  since  1852. 

Tfie  Chaibman.  Have  you  at  any  time  been  requested  by  the  Gov- 
ernment to  supply  steel  for  shafts,  engines,  boilers,  ship  and  armor 
plates,  and  gunsf 

Mr«  Otis.  Yes;  we  submitted  proposals  for  ship,  boiler,  and  armor 
plates. 

The  Chaibman.  Why  did  you  not  contract  to  furnish  samet 

Mr.  Otis.  Because  our  price  was  too  high. 

The  Chaibman.  What  is  the  capacity  of  your  works  to  manufacture 
steel  for  shafts,  boiler-plate,  ship-plate,  armor-plate,  and  gunsf 

Mr.  Otis.  Have  a  yearly  capacity  of  40,000  tons  of  open- hearth  steel, 
and  60,000  tons  of  Bessemer  steel. 

The  Chaibman.  What  are  the  dimensions  of  the  largest  steel,  gmi 
parts,  cast  ingots,  forging,  shaft,  armor-plate,  ship-plate,  and  boiler- 
plate you  have  made,  and  in  what  state  were  they  deliver^f 

Mr.  Otis.  Have  made  3-ton  forging,  and  plate  up  to  3  tons'  weight 
and  110  inches  wide;  also  plates  56  inches  wide  and  52  feet  long,  but 
cannot  roll  plates  over  2  inches  thick. 

The  Chaibman.  By  what  processes  do  you  manufacture  steel? 

Mr.  Otis.  Open-hearth  and  Bessemer. 

The  Chaibman.  Are  you  enlarging  your  plant,  and  if  so,  to  produce 
whatf 

Mr.  Otis.  No,  sir. 

The  Chaibman.  What  ores  do  you  usef 

Mr.  Otis.  We  do  not  use  the  ore,  but  manufacture  the  steel  from  pig- 
iron  and  wrought-iron  blooms,  which  are  mostly  made  from  Lake  Su- 
perior and  Champlain  ores. 

The  Chaibman.  Is  there  a  marked  difference  in  the  various  parts  of 
the  United  States  in  the  price  of  the  pig  and  blooms  f 

Mr.  Otis.  No  very  marked  difference  at  present. 

The  Chaibman.  What  experience  have  you  had  in  the  use  of  steam 
hammers  and  hydraulic  casting  and  forging  presses  f 

Mr.  Otis.  None  with  hydraulic  presses,  but  I  have  had  an  experience 
of  33  years  with  steam  hammers,  up  to  and  including  12-ton  tup. 

The  Chairman.  What  do  you  consider  the  comparative  advantages 
and  disadvantages  of  the  two  systems  of  forging — steam-hammer  and 
hydraulic  press — and  your  reasons  for  samef 

Mr.  Otis.  The  steam-hammer  for  small  work  and  the  hydraulic  press 
for  large  work  would  be  best  and  cheapest  in  cost  of  plant 

The  Chaibman.  Have  you  any  tools  and  implements  for  the  m^m 
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facture  of  guns,  similar  to  those  cited  on  pages  40  to  44  of  the  Gun 
Foundry  Board's  report :  can  you  manufacture  such  tools  and  imple- 
ments equal  in  power  ana  speed  and  for  the  cost  stated  therein  Y 

Mr.  Otis.  We  are  not  tool-makers,  and  possess  no  such  tools  and  im- 
plements, with  the  exception  of  melting  plant,  both  open-hearth  and 
Bessemer. 

The  Ghaibman.  What  do  you  consider  the  best  method  of  supplying 
the  Oovemment  with  guns,  armor,  and  war  vessels? 

Mr.  Otis.  We  think  the  steel  should  be  procured  from  private  indi- 
viduals, and  that  the  Government  should  fabricate  the  guns ;  and  that 
at  least  one-half  of  the  vessels  should  be  built  in  the  navy-yards. 

The  Chairman.  Which  do  you  consider  the  best  locations  for  such  a 
method  of  production  f 

Mr.  Otis.  We  think  the  sites  selected  by  Gun  Foundry  Board  are  the 
most  advantageous  for  the  fabrication  of  guns. 

The  Chairman.  Is  there  material  in  this  country  out  of  which  the 
)>est  gnu  steel  can  be  made? 

Mr.  Otis.  Yes ;  without  question. 

The  Chairman.  Why,  then,  should  not  home  manufacturers  be  limited 
tx>  the  use  of  native  material  Y 

Mr.  Otis.  While  we  have  all  the  material  necessary  in  our  country, 
we  do  not  think  it  would  be  wise  or  economical  to  the  Government  to 
place  any  restriction  as  to  where  material  should  be  obtained. 

The  Chairman.  Why  do  steel  manufacturers  import  foreign  mate- 
rial Y 

Mr.  Otis.  In  substance,  for  economic  reasons. 


0II8  ntOH  AHD  STEEL  COMPAHT. 
3TATBMBNT  OF  MM.  8.  T.  WELLMAK. 

Olbteland,  Ohio,  F^Mruary  9y  1885. 

The  Ghaibilin.  Please  state  yonr  name  and  present  position. 

Mr.  Wbllman.  Samnel  T.  Wellman,  superintendent  Otis  Iron  and 
Steel  Company,  Cleveland,  Ohio. 

The  Chaibman.  Of  what  scientific  associations  are  you  a  member  f 

Mr.  Wellmak.  The  American  Society  of  Mechanical  Engineers,  the 
American  Institute  of  Mining  Engineers,  the  Cleveland  Society  of  Civil 
Engineers,  the  British  Iron  and  Steel  Institute,  the  German  Society  of 
Engineers,  the  Gervian  Iron  and  Steel  Institute.  * 

The  Chairman.  Pease  give  your  age  and  your  practical  experience 
in  connection  with  the  subjects  this  committee  is  investigating. 

Mr.  Wbllman.  Age,  forty -eight.  Six  years  as  assistant  to  superin- 
tendent of  Nashua  Iron  and  Steel  Company ;  four  years  as  engineer  in 
the  employ  of  the  United  States  agents  of  Siemen's  Furnace,  and  in 
the  erection  of  said  furnaces ;  twelve  years  in  the  erection  and  man- 
agement of  the  Otis  Iron  and  Steel  Works. 

The  Chaibman.  In  the  manufacture  of.  steel,  to  what  chemical  and 
mechanical  tests  do  you  subject  it  Y 

Mr.  Wellman.  To  complete  chemical  analysis,  and  to  all  required 
mechanical  tests  of  tensile  strength,  elastic  limit,  elongation,  reduction 
of  area-,  and  cold  bending. 

The  (JHAIBMAN.  What  testing  machine  do  you  employ  f 

Mr.  Wbllman.  The  Olsen,  manufactured  by  Tinius  Olsen  &  Co., 
Philadelphia,  Pa. 

The  Chaibman.  By  whom  are  these  tests  madef 

Mr.  Wellman.  By  members  of  our  establishment,  in  our  own  shops. 

The  Chaibman.  What  experience  have  you  had  in  the  use  of  steain 
hammers  and  hydraulic  casting  and  forging  presses  Y 

Mr.  Wellman.  I  have  had  no  practical  experience  with  hydraulic 
casting  and  forging  presses,  but  my  experience  with  hammers,  up  to 
and  including  12-ton  tup,  has  extended  over  a  period  of  eighteen  years. 

The  Chaibman.  Have  you  ever  compressed  steel  ingots  in  a  liquid 
state,  or  seen  the  operation  of  such  compression  or  hydraulic  forging! 

Mr.  Wbllman.  No. 

The  Chaibman.  What  do  you  know  of  liquid  compression  t 

Mr.  Wbllman.  I  know  that  Sir  Joseph  Whitworth  has  obtained 
physical  characteristics  in  steel  that  have  otherwise  been  unobtainable. 

The  Chaibman.  What  do  you  consider  the  comparative  advantages 
and  disadvantages  of  the  two  systems  of  forging — steam  hammer  and 
hydraulic  press — and  your  reasons  for  same! 

Mr.  Wellman.  The  advantages  of  the  hydraulic  forging  press,  as  it 
looks  to  me,  are  a  more  thorough  and  even  working  of  the  metal,  and  a 
more  condensing  effect,  as  the  impact  of  the  falling  hammer  is  avoided ; 
and  a  forging  press  of  capacity  to  work  a  large-sized  steel  ingot  would 
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undoubtedly  be  much  cheaper  in  first  cost  aud  cost  of  ruaning  than  a 
hammer  to  do  the  same  work. 

The  Chairman.  By  what  method  can  the  Government  best  be  sup- 
plied with  guns,  armor,  and  war  vessels  f 

Mr.  Welldcan.  1  think  that  the  steel  and  other  materials  should  be 
procured  &om  private  firms,  and  the  guns,  armor,  and  vessels  finished 
by  the  Government  in  its  own  shops  and  yards. 

The  Chairman.  Which  do  you  consider  the  best  locations  for  such  a 
method  of  production  Y 

Mr.  Wellman.  I  should  think  the  locations  mentioned  by  the  Gun 
Foundry  Board  the  best  for  the  purpose. 

The  Chairman.  Is  there  material  in  this  country  out  of  which  the 
best  gun  steel  can  be  made? 

Mr.  Wellman.  Yes;  there  is  no  question  about  that. 

The  Chairman.  Is  there  any  reason  why  the  steel  manufacturers  of 
the  United  States  should  not  be  restricted  to  the  use  of  home  material  t 

Mr.  Wellman.  I  think  not. 

The  Chairman.  Why  do  steel  manufacturers  import  foreign  material  f 

Mr.  Wellman.  Only  because  it  may  be  cheaper  for  the  time  being. 

The  Chairman.  Can  any  works  in  the  United  States  (with  present 
plant)  produce  any  grade  of  steel  which  would  probably  be  called  for  by 
Government  specifications,  for  guns  and  armor,  equal,  metaUnrgically, 
to  foreign? 

Mr.  WELLMAN.  Yes. 

The  Chairman.  Under  existing  conditions,  what  will  be  the  addi- 
tional cost  of  such  steel,  as  compared  with  the  foreign  of  the  same  quality 
laid  down  in  the  United  States,  duty  firee  t 

Mr.  Wellman.  Probably  at  least  50  per  cent.  more. 

The  Chairman.  By  what  process  would  you  make  and  to  what  treat- 
ment would  you  subject  the  steel  for  modern  heavy  guns,  heavy  armor 
plates,  and  plate  suitable  for  ships  and  boilers  f 

Mr.  Wellman.  The  open-hearth  process.  To  get  the  best  possible 
result  for  guns,  I  would  use  liquid  compression,  hydraulic  forging,  and 
oil  tempering.    I  would  roll  boiler  and  ship  plates  direct  from  the  ingot. 

The  Chairman.  Are  there  any  forges  in  the  United  States  capable  of 
properly  forging  steel  shafts  for  ships  of  more  than  1,500  tons,  and  the 
l>arts  of  modem  ordnance  heavier  than  6  inches  in  caliber  Y 

Mr.  Wellman.  No,  sir. 

The  Chairman.  Are  there  any  rolls  in  the  United  States  of  a  capac- 
ity  to  roll  armor-plate  of  more  than  2  inches  thickness  t 

Mr.  Wellman.  There  are  rolls  heavy  enough,  but  none  of  them  have 
suitable  heating  furnaces,  nor  tables  and  other  machinery  strong  enough 
to  handle  modem  armor-plates. 

The  Chairman.  Where  is  the  boundary  between  steel  and  iron  t 

Mr.  Wellman.  My  idea  is  that  chemically  there  is  no  boundary  line — 
but  physically  there  is — as  the  steel-making  process  of  whatever  kind 
keeps  the  metal  fluid  after  the  bulk  of  the  carbon  and  silicon  have  left 
it,  aind  the  slag,  being  lighter,  rises  to  the  surface,  leaving  the  pure, 
clean  metal ;  but  in  the  iron-making  processes,  wh^n  the  bulk  of  carbon 
and  silicon  leave  the  metal,  there  is  not  enough  heat  in  the  furnace  to 
longer  keep  it  liquid,  and  it  assumes  a  pasty  state ;  when  it  is  ^<  balled  " 
up  every  grain  is  covered  with  acoattng  of  "  slag,"  which  accounts  for  the 
so-called  fiber  of  wrought  iron.  The  process  by  which  a  metal  is  made, 
should  determine  whether  it  is  steel  or  iron. 

The  Chairman.  At  what  stages  of  the  manufacture  are  the  blow- 
boles  (gas  holes)  formed  Y 
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Mr.  Wkllman.  When  it  is  in  a  semi-pasty  state ;  just  before  oomplele 
solidification. 

The  Chairman.  What  is  the  action  of  steel  called  ^^  flowing  ^  t 

Mr.  Wellman.  Changing  its  form  or  shape,  as  it  is  forced  to  do,  when 
work  of  any  kind  is  pnt  apon  it. 

l^e  Chairman.  Conld  all  the  parts  of  a  100-ton  steam  hammer  be 
manufactured  in  the  United  States  f 

Mr.  Wellman.  Yes ;  as  there  are  shops  in  this  country  that  can  man- 
ufiefccture  fully  as  large  parts  as  are  necessary  for  a  100-ton  hammer. 

The  Chairman.  How  is  steel  tempered,  and  why  is  oil  generally 
employed  instead  of  other  fluids? 

Mr.  Wellman.  By  heating  and  immersing  in  a  bath  of  oil,  which  is 
used  because  it  has  a  more  toughening  effect  on  the  metal  than  other 
fluids. 

The  Chairman.  Why  is  not  petroleum  used? 

Mr.  Wbllman.  I  do  not  know  how  it  would  work. 

The  Chairman.  In  what  way  is  the  quality  of  steel  improved  by 
working  and  treatment;,  is  the  density  increased? 

Mr.  Wbllman.  Yes;  both  the  density  and  ductility  are  increased. 

The  Chairman.  In  what  part  of  the  tlnited  States  are  the  most  suit- 
able ores  to  be  found  for  the  manufacture  of  gun  and  ship  steel  t 

Mr.  Wellman.  In  the  Lake  Superior  and  Lake  Champlain  districts. 

The  Chairman.  Have  we  the  material,  plants,  and  esperience  re- 
quired to  produce  in  quality,  dimensions,  and  quantity  steel  suitable 
for  the  construction  of  modem  armored  vessels  and  the  fabrication  of 
modem  heavy  ordnance? 

Mr.  Wellman.  We  have  the  raw  material,  but  not  the  plants  or  ex- 
perience necessary. 

The  Chairman.  What  testing-machine  do  you  consider  the  most 
suitable  for  the  work  required  in  the  production  of  suitable  steel  for 
war  vessels  and  heavy  ordnance,  and  your  reasons  for  the  samet 

Mr.  Wellman.  I  consider  the  Olsen  machine  for  all  practical  pur- 
poses as  good  as  any  made,  because  it  is  simple,  get-at-able,  and  accu- 
rate. 

The  Chairman.  In  the  production  of  such  steel,  with  equal  care  of 
manufacture,  can  as  good  results  be  obtained  by  <^  washing,''  &c,  med- 
ium or  poor  ores  as  with  the  best  selected  materials? 

Mr.  Wellman.  I  think  not,  as  regards  perfect  uniformity. 

The  Chairman.  Do  you  consider  the  presence  of  natural  gas  an  ad- 
vantage to  the  manufacturer  of  steel? 

Mr.  Wellman.  It  has  a  certain  advantage  as  regards  economy  of 
fuel,  but  that  bears  a  very  small  proportion  to  the  total  cost  of  high- 
class  steel. 

The  Chairman.  What  is  your  opinion  as  to  its  comparative  reliabil- 
ity, sufficiency,  safety,  and  purity  with  other  fuels  ? 

Mr.  Wellman.  It  has  not  as  yet  been  enough  used  to  ftilly.  deter- 
mine these  points. 

The  Chairman.  Is  it  present  in  large  supply  in  the  vicinity  of  your 
works? 

Mr.  Wellman.  It  has  not  yet  been  discovered  in  our  vicinity  in  any 
large  quantity. 

The  Chairman.  Please  give  a  record  of  tests  of  your  steel. 

Mr.  Wellman.  The  following  table  contains  tests  of  steel  for  boiler- 
plate. 
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Testing  wachine  record,  Otis  Iran  and  Steel  Company, 

iMemnraDdft  of  teste  of  Otis  ttoel  for  the  Calnmet  and  HeolA  Mining  Company,  E.  D.  Leavitt,  Jr.,  oon- 
aalting  en^neer.  Teats  made  on  the  Otis  Iron  and  Steel  Compimy's  Olsen  testing  machine,  in  the 
presence  or  Mr.  F.  W.  Dean,  inspector  for  Mr.  Leavitt,  Cleveland,  Ohio,  December,  1884.] 
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LETTEB  FBOH  THE  PACIFIC  BOILIVO  HLL  COMPAHT. 

San  FBANOISOO9  October  16, 1884. 

Gbntlemen:  We  have  the  honor  to  report  that  this  company,  be- 
sides its  rolling  mills,  forges,  and  machine  shops,  has  in  operation  a 
Siemens-Martin  steel  plant,  with  all  the  most  modem  appliances  and 
improvements,  capable  of  producing  a  20-ton  ingot,  and  with  the  suc- 
cess and  experience  we  alreiEMly  have,  we  are  perfectly  certain  of  being 
able  to  produce  a  quality  of  steel  that  will  prove  inferior  to  none. 

The  plant  was  originally  laid  out  to  admit  of  its  extension  to  meet 
any  of  the  requirements  of  the  future.  We  have  all  of  the  patterns  for 
the  cranes,  producers,  &c.,  and  could  erect  six  or  eight  additional  fur- 
naces in  nearly  the  same  time  as  one.  It  would  require  a  greater  period 
to  get  in  place  the  large  hydraulic  presses  for  forging  and  liquid  com- 
pression. 

This  company  will  be  glad  to  co-operate  with  the  Government  in  the 
manufacture  of  steel  for  heavy  ordnance  and  armor -plate,  and  are  ready 
to  erect  the  necessary  plant. 

As  the  Government  will  be  the  only  customer,  it  would  be  proper  that 
a  guarantee  should  be  given  that  sufficient  work  would  be  required  to 
keep  the  plant  in  operation. 

It  would  require  two  and  a  half  years  to  get  such  a  plant  in  good 
working  order. 

As  far  as  raw  material  is  concerned  this  State  has  an  abundance  of 
iron  ore  that  has  no  superior  for  purity  and  adaptability  for  making  the 
finest  steel.  I  will  forward  a  list  of  analyses  of  some  of  these  deposits 
in  different  parts  of  the  State.  The  samples  are  taken  from  large  lots 
of  the  ore,  are  a  fair  average,  and  can  be  depended  upon.  Most  of  the 
deposits  are  situated  on  well-timbered  land,  and  there  is  no  reason  why 
charcoal  iron  equal  to  the  best  Swedish  brands  cannot  be  manufactured 
from  them.  The  only  desideratum  is  a  sufficient  demand  for  such  a 
high-grade  metal. 

Keiterating  the  willingness  of  this  company  to  prepare  for  the  man- 
ufacture of  Government  ordnance  and  armor-plate,  and  their  ability  to 
do  so. 

We  remain,  sir,  very  respectfully  yours, 

The  Paoipio  Bolling  Mill  Company, 

ByP.lirOBLB. 
Superintendent. 

To  the  Select  Committee^  &c. 
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Analysa  of  CaHfomia  ores. 
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>  Thia  ore  is  worthlees. 

*  A  Us^  grade  of  ore  and  suitable  for  making  the  finest  steel. 


*  Ofnovalne. 

•  Of  no  valae  for  steeL 
•Very  fine. 
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» Very  flne. 

*  Suitable  for  flne  steel. 

*  Not  suitable  for  steel  making. 


*  Oood  iron,  but  too  hi(|fh  in  phosphoros  for  steel- 
s  Extremely  pure  and  rich,  and  easUy  reduced. 


LEITBS  FROM  THB  PEVCOTB  IBOV  W0SK8. 

Philabblphia,  Aitffugt  11, 1884. 
Obntlemek:  Answering  your  circular  letter  of  Jaly  16,  woold  say 
that  we  are  prepared  to  Ornish,  in  steel,  all  the  various  sections  of 
which  the  hulls  of  vessels  are  composed,  such  as  angles,  deck-beams, 
channels,  tees,  &c.,  the  quality  of  the  same  to  conform  to  either  the 
English  Lloyds  specifications  or  to  those  adopted  by  the  United  States 
in  the  cruisers  now  building. 
Yours,  respectfully, 

A.  H.  EGBERTS  &  00. 
To  the  Select  Oommitteej  dke. 
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STATEMENT  OF  MR,  L,  S.  BENT. 

Stbblton,  Pa.,  Noven^>er  26, 1884. 

The  Ghaibmav.  Please  state  your  name  and  present  position. 

Mr.  Bent.  L.  S.  Bent;  vice-president  and  general  manager  of  the 
Pennsylvania  Steel  Company;  works  located  at  Steelton,  Pa. 

The  Chairman.  Please  state  your  age  and  your  practical  experience 
in  connection  with  said  subjects. 

Mr.  Bent.  Am  fifty- three  years  old.  Have  not  had  any  practical  ex- 
perience in  the  making  of  guns  or  armor-plate,  but  have  had  many 
years'  experience  in  the  mauutacture  and  treatment  of  steel. 

The  Chairman.  Have  you  at  any  time  been  requested  by  any  Gov- 
ernment to  supply  steel  shafts,  engines,  boilers,  ship -plates,  guns  or 
armor,  or  steel  for  the  same! 

Mr.  Bent.  Have  received  circulars  asking  for  propositions  for  armor- 
plate,  and  have  received  same  from  the  Gun  ^Foundry  Board  asking  for 
approximate  estimates  for  the  construction  of  guns,  but  have  never  de- 
livered any,  having  never  engaged  to  do  so. 

The  Chairman.  What  are  the  dimensions  of  the  largest  steel  shafts 
you  have  manufactured  f 

Mr.  Bent.  Three  shafts,  11  feet  8  inches  long:  diameter,  20, 14,  and 
17^  inches.  One  shaft,  11  feet  1^  inches  long;  diameter,  12, 16,  and  20 
inches.  One  shaft,  19  feet  long;  diameter,  7  inches.  One  shaft,  18  feet 
5^  Inches  long;  diameter,  7^  inches.  One  shaft,  18  feet  2  inches  long: 
diameter,  7  inches.  One  shaft,  12  feet  5  inches  long;  diameter,  9, 8,  ana 
7  inches. 

The  Chairman.  By  what  process  were  they  manufactured  f 

Mr.  Bent.  They  were  made  from  open-hearth  steel;  forged  under  a 
14-ton  hammer. 

/The  Chairman.  What  is  the  capacity  of  the  Pennsylvania  Steel 
Company's  Works  f 

Mr.  Bent.  We  have  one  Bessemer  plant  containg  two  6-tou  convert- 
ers, capable  of  producing  15,000  tons  per  month :  one  Bessemer  plant 
containing  three  8ton  converters,  capable  of  producing  20,000  tons  per 
month;  and  one  open-hearth  plant  containing  two  30-ton  furnaces, 
capable  of  producing  4,000  tons  per  month ;  making  a  total  producing 
capacity  of  39,000  tons  per  month. 

We  have  not,  however,  in  either  of  our  Bessemer  plants,  machinery 
capable  of  handling  large  masses  of  steel,  as  they  were  constructed  with 
reference  to  the  handling  only  of  small  ingots,  not  exceeding  8  tons  iu 
weight.  Our  open-hearth  plant,  which  is  of  very  recent  construction, 
would  handle  large  masses  of  steel ;  and  for  a  further  explanation  of 
our  facilities  in  this  direction,  I  hand  you  a  copy  of  a  letter  (page  352) 
written  in  reply  to  an  inquiry  of  Captain  Michaelis,  U.  S.  Army,  touch- 
ing the  subject  of  heavy  ordnance,  which  fully  sets  forth  our  position. 
In  regard  to  the  production  of  armor-plate  the  same  difficulty  arises 
that  is  referred  to  in  said  letter ;  that  is,  the  lack  of  competent  machin- 
ery to  handle  the  steel  after  casting.  • 

In  looking  over  the  estimated  cost  of  constructing  plants  for  producing 
and  handling  large  masses  of  steel,  it  strikes  me  that  they  will  fall  far 
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short  of  the  actual  cost  iu  this  country.    I  venture  to  give  this  opinion 
from  experience  in  this  matter. 

The  ore  resources  of  this  company  are  beyond  question  as  to  quantity 
and  quality. 

It  would  give  me  very  great  pleasure  to  have  your  committee  visit 
these  works,  where  every  effort  in  our  power  will  be  made  to  impart  such 
information  as  may  be  useful  to  you  in  your  investigations. 

The  Chairman.  Are  you  enlarging  your  plant t 

Mr.  Bent.  We  are  not. 

The  Chairman.  In  the  manufacture  of  steel,  to  what  chemical  and 
mechanical  tests  do  you  subject  itt 

Mr.  Bent.  We  make  complete  chemical  analyses  in  our  own  labora- 
tory. We  make  also  such  physical  tests  as  working  at  different  degrees 
of  heat,  and  also  working  cold;  and  we  make  use  of  testing-machine. 

The  Chairman.  What  testing-machine  do  you  employ? 

Mr.  Bent.  We  have  on  hand  at  this  time  a  Biehl^  and  a  Thurston 
machine,  and  are  now  negotiating  for  one  of  more  modem  construction. 

The  Chairman.  By  whom  are  these  tests  madef 

Mr.  Bent.  By  our  assistant  superintendent. 

The  Chairman.  What  ores  do  you  use,  and  where  do  you  get  themt 

Mr.  Bent.  We  use  chiefly  foreign  ores,  and  obtain  them  mostly  from 
Spanish  ports. 

The  Chairman.  Name  the  mines  you  own. 

Mr.  Bent.  We  have  large  interests  in  Spanish  mines. 

The  Chairman.  What  experience  have  you  had  in  the  use  of  steam 
hammers  and  hydraulic  casting  and  forging  presses  Y 

Mr.  Bent.  We  have  had  continuous  experience  with  steam  hammers 
for  the  past  ten  years.  Have  not  had  any  experience  with  hydraulic 
fprging-presses. 

The  Chairman.  Have  you  ever  compressed  steel  ingots  in  a  liquid 
state,  or  have  you  seen  the  operation  of  such  compression,  or  of  hy- 
dralic  forging. 

Mr.  Bent.  We  have  not. 

The  Chairman.  What  do  you  know  of  liquid  compression  Y 

Mr.  Bent.  Nothing  more  than  could  be  gained  from  publications  on 
the  subject. 

The  Chairman.  Have  you  ever  manufactured  hydraulic  casting  or 
forging  presses  Y 

Mr.  Bent.  We  have  not. 

The  Chairman.  What  do  you  consider  the  comparative  advantages 
and  disadvantages  of  the  two  systems  of  forging  (steam-hammer  and 
hydraulic  press),  and  what  are  the  reasons  for  your  opinion  t 

Mr.  Bent.  Have  formed  a  favorable  opinion  as  to  the  advantages  of 
the  hydraulic  press  over  the  steam-hammer  for  reducing  steel,  from  in- 
formation gained  from  the  members  of  the  Gun-Foundry  Board,  and 
from  their  report  upon  this  subject. 

The  Chairman.  Have  you  any  tools  and  implements  for  the  manu- 
facture of  guns  similar  to  those  mentioned  in  the  report  of  the  Gun- 
Foundry  Board  pages  40  to  44  f  Can  you  manufacture  such  tools,  equal 
in  power  and  feed,  at  the  cost  estimated  therein  Y  How  much  time 
would  you  require  in  which  to  finish  them  Y 

Mr.  Bent.  We  have  furnaces  and  appliances  for  making  such  steel, 
and  hammers  for  reducing  the  same  into  shai)e,  as  well  as  tools  for  bor- 
ing and  rough-turning  the  same.  We  could  not  produce  the  necessary 
tools  for  large  guns  with  the  same  facility  or  as  quickly  as  plants  in  this 
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coantry  that  make  heavy  tools  a  specialty.  Snch  tools,  in  my  opinion, 
could  be  produced  in  this  country  as  soon  as  the  steel  plant  could  be 
made  ready. 

The  Chairman.  By  what  method  can  the  Oovemment  best  be  sup- 
plied with  guns,  armor,  and  war  vessels  Y 

Mr.  Bent.  In  my  judgment,  so  far  as  guns  and  armor-plate  are  con- 
cerned, the  plan  recommended  by  the  Gun-Foundry  Board  is  most  prac- 
ticable in  regard  to  both  economy  of  cost  and  saving  of  time. 

The  Chairman.  What  is  your  opinion  of  the  comparative  cost  of  sup- 
ply— wholly  in  Government  works,  partly  in  such  works  and  partly  by 
contract  with  private  builders,  or  whcUy  in  private  works  f  In  case 
of  divided  labors,  how  should  the  division  be  made  f 

Mr.  Bent.  By  the  Government  taking  advantage  of  the  experience 
and  appliances  of  steel  plants  now  in  operation  there  would  result  the 
saving  of  a  large  outlay  by  the  Government  and  of  much  valuable  time, 
which  would  l^  absorbed  by  works  conducted  wholly  by  the  (Govern- 
ment. The  assembling  and  finishing  of  the  guns,  ibr  the  present,  at 
least,  would  seem  to  fall  natarally  into  the  hands  of  the  Government, 
and  the  division  of  labor  as  set  forth  in  the  report  of  the  Gun-Foundry 
Board  would  seem  to  be  the  very  best  to  be  attained  in  the  present  state 
of  the  art.  Armor-plate  should  be  fitiished  at  the  plant  where  it  is 
made. 

The  Chairman.  Which  do  you  consider  the  best  location  for  such  a 
method  of  production  f 

Mr.  Bent.  That  which  is  most  easy  of  access,  made  so  by  two  or  more 
prominent  railroad  connections,  and  which  is  midway  between  the  Gov- 
ernment finishing  shops  and  tide  water.  The  location  should  be  some- 
what isolated,  and  not  in  the  midstof  a  large  and  populous  city. 

The  Chairman.  Is  there  material  in  this  coufitry  out  of  which  the 
best  steel  can  be  made  Y    . 

Mr.  Bent.  There  is. 

The  Chairman.  Is  there  any  reason  why  the  steel  manufacturers  of 
the  United  States  should  not  be  restricted  to  the  use  of  home  mateiialf 

Mr.  Bent.  Yes.  By  such  restriction  manufacturers  woald  be  com- 
pelled to  use  the  product  of  a  few  mines  situated  on  the  western  lakes, 
thereby,  on  account  of  a  long  line  of  transportation,  increasing  the  cost 
of  ore  to  the  Eastern  manufacturers. 

The  Chairman.  Why  do  steel  manufacturers  import  foreign  ma- 
terial t 

Mr.  Bent.  Strictly  as  a  matter  of  economy. 

The  Chairman.  Can  any  work  in  the  United  States  (with  present 
plant)  produce  any  grade  of  steel  that  would  probably  be  called  for  by 
Government  specifications  for  guns  and  armor  equal,  metallurgically, 
to  foreign  Y 

Mr.  Bent.  K  they  have  an  open-hearth  plant,  yes;  otherwise,  no. 

The  Chairman.  Under  existing  conditions,  what  will  be  the  ad- 
ditional cost  of  such  steel,  as  compared  with  the  foreign  of  the  same 
quality,  laid  down  in  the  United  States,  duty  freet 

Mr.  Bent.  Under  existing  condition's,  and  taking  steel  rails  as  our 
standard,  the  cost  would  not  be  very  much  greater. 

The  Chairman.  By  what  process  would  you  make,  and  to  what 
treatment  would  you  subject  steel  for  modem  heavy  guns,  armor-plate, 
and  plate  for  boilers  and  ships  f 

Mr.  Bent.  Would  use  the  open-hearth  process;  and  would  follow  the 
treatment  which  has  given  the  best  results  in  foreign  couiiineA,  untal 
puc}i  tkfne  as  our  own  experience  suggested  improvements. 
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The  Chairman.  Are  there  any  forges  in  the  United  States  capable 
of  properly  forging  steel  shafts  for  ships  of  more  than  1,500  tons,  and 
the  parts  of  m^ern  ordnance  heavier  than  six  inches  calibert 

Mr.  Bent.  There  are  none  within  my  knowledge. 

The  Chairman.  Are  there  any  rolls  in  the  United  States  of  suffi- 
cient capacity  to  roll  armor-plate  of  more  than  two  inches  in  thickness  t 

Mr.  Bent.  There  are  none  within  my  knowledge. 

The  Chairman.  Where  is  the  boundaiy  between  iron  and  steel  t 

Mr.  Bent.  That  is  still  an  open  question.  Chemically,  there  is  not, 
in  my  judgment,  any  difference. 

The  Chairman.  At  what  stages  of  the  manufacture  are  the  blow- 
holes— gas  holes — ^formedt 

Mr.  Bent.  In  open -hearth  practice,  at  the  moment  of  solidification. 

The  Chairman.  What  is  the  action  of  the  metal  called  ^'  flowing  Y  " 

Mr.  Bent.  As  we  use  the  term  it  is  the  movement  of  the  particles  of 
the  metal  over  each  other,  under  the  influence  of  force  applied  by  rolls, 
hammer,  or  press. 

The  Chairman.  Could  all  the  parts  of  a  100-ton  steam  hammer  be 
manufactured  in  the  United  States  f 

Mr.  Bent.  Yes. 

The  Chairman.  How  is  steel  temi)ered  ^  and  why  is  oil  generally 
used  instead  of  other  fluids  f 

Mr.  Bent.  By  being  heated  to  a  uniform  heat,  and  then  plunged  into 
a  bath  of  cold  liquid.  Oil  is  preferred  because  it  has  the  virtue  of  trans- 
mitting and  retaining  uniform  heat :  and  it  does  not  chill  the  steel  so 
rapidly  as  to  cause  cracks  in  the  surface. 

The  Chairman.  Why  is  not  petroleum  used! 

Mr.  Bent.  There  would  be  danger  of  explosion  from  generated  gas. 

The  Chairman.  In  what  way  is  the  quality  of  steel  improved  by 
working  and  treatment?    Is  the  density  increased? 

Mr.  Bent.  It  makes  it  more  homogeneous  by  reducing  the  size  of  the 
crystals;  and  it  increases  its  density,  tensile  strength,  and  ductility. 

The  Chairman.  In  what  part  of  the  United  States  are  the  most  suit- 
able ores  to  be  found  for  the  manufacture  of  gun  and  ship  steel  t 

Mr.  Bent.  In  the  Lake  Superior  district. 

The  Chairman.  Have  we  the  material,  plants,  and  experience  re- 
quired to  produce  in  quulity,  dimensions,  and  quantity  steel  suitable 
ibr  the  construction  of  modem  armored  vessels,  and  for  the  fabrication 
of  modem  heavy  ordnance  f 

Mr.  Bent.  We  have  not 

The  Chairman.  What  testing-machine  do  you  consider  most  suitable 
for  the  work  required  in  the  production  of  steel  suitable  for  war  vessels 
and  heavy  ordnance!    Give  the  reasons  for  your  preference. 

Mr.  Bent.  The  experience  of  makers  of  these  machines  for  heavy 
work  has  been  limited ;  and  no  uniform  standard  has  been  adopted 
by  which  the  various  makers'  work  can  l»e  proved  as  to  accuracy. 
Without  such  a  standard,  and  with  limited  experience,  I  have  no  pref- 
erence. 

The  Chairman.  In  the  production  of  such  steel,  with  equal  care  of 
manufacture,  can  as  good  results  be  obtained  by  the  '^  washing,"  &c., 
of  medium  and  poor  ores,  as  with  the  best  selected  material  f 

Mr.  Bent.  My  preference  would  be  for  the  best  material  to  start  with, 
as  there  is  more  or  less  uncertainty  as  to  results  obtained  by  the  various 
processes  of  washing  poor  ores.  At  the  best  it  is  entirely  a  matter  of 
economy* 
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The  Ghaibman.  Do  yoa  consider  the  presence  or  the  proximity  of 
natural  gas  an  advantage  to  the  steel  manufacturer  t 

Mr.  Bent.  Experience  only  can  solve  this  question.  The  only  ad- 
vantage would  be  that  of  economy. 

The  Chairman.  What  is  your  opinion  of  its  reliability,  sufficiency, 
safety,  cost,  and  purity,  as  compared  to  other  fuels  t 

Mr.  Bent.  I  should  require  a  more  extended  experience  than  I  now 
have  to  enable  me  to  answer  this  question  intelligently. 

The  Chairman.  Is  it  found  in  large  supply  in  the  vicinity  of  your 
works  f 

Mr.  Bent.  It  is  not. 

The  Chairman.  Please  give  a  record  of  tests  of  your  steel. 

Mr.  Bent.  The  following  are  tests  of  structural  steel  made  by  the 
open -hearth  process  within  the  last  month. 


Diunetorof 
piece. 

ElMtio  limit 

Bieddnff 
■train. 

in  8  holies. 

of  aiee. 
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.776 
.776 
.776 
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2L1 

28.44 

28.06 

28.27 
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84.98 
82.88 
87.08 
88.86 
42.78 
88L58 
44.07 
89.69 
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19.68 
2L88 

LBTTEB  FBOM  L.  S.  BEST  TO  CAFT.  C.  B.  MICHAELIB. 

Stbblton,  Pa.,  July  28, 1884. 
Gapt.  G.  E.  MiOHASLis. 

Frankford  ArsefMi^  PhOadelphia : 

Mt  Dsab  Sib  :  Your  esteemed  favor  of  the  29th  of  April  has  come 
to  hand,  and  I  will  endeavor  to  answer  your  inquiries  in  a  general  way, 
making  such  suggestions  as  may  occur  to  me.  Not  having  given  Uie 
matter  much  serious  thought  I  fear  that  I  shall  not  be  able  to  render 
you  much  aid  beyond  placing  before  you  the  facts  which  follow. 

Our  open-hearth  furnaces,  of  which  there  are  two  (each  having  a  nomi- 
nal capacity  of  30  tons),  can  melt  without  alteration  from  37  to  40  tons 
each,  thus  enabling  us  to  make  a  casting  of  from  75  to  80  tons  (includ- 
ing sink-heads,  sprues,  &c.).  At  present,  however,  we  are  not  able  to 
handle  with  our  cranes  an  ingot  requiring  a  hoisting  force  of  more  than 
20  tons.  Our  pits  {7  feet  wide)  are  only  11  feet  deep.  They  were  made 
of  this  depth  in  oraer  to  enable  usto  cast  large  ingots  for  our  large 
hammer.  These  pits  might  be  deepened  to  20  feet  without  great  trouble 
or  expense,  judging  £rom  the  character  of  the  soil  at  the  present  depth. 
This  would  permit  the  casting  of  guns  of  small  caliber,  requiring  a  length 
of  casting,  including  riser-head,  of  not  more  than  20  feet  6  inches,  and 
a  weight  of  not  more  than  20  tons.  For  larger  castings  a  special  pit  and 
more  powerful  cranes  would  be  necessary.  Bach  a  special  pit,  20  feet 
in  diameter  or  less,  could  be  sunk  in  front  of  the  farnaces,  on  a  line  run- 
ning midway  between  them.  Two  cranes  (either  hydraulic  or  steam)  of 
a  capacity  of  120  tons  each,  would  have  to  be  erected  on  opposite  aides 
of  tins  pit. 

As  the  bottom  of  the  roof  cord  in  our  open  hearth  plant  is  only  33 
feet  above  the  general  level,  a  question  arises  as  to  whether  or  not  this 


ORDNANCE   AND   WAR   SHIPS.  353 

height  ien  sufficient  to  allow  the  handling  of  the  largest  gnns  mentioned 
in  your  letter.  If  it  is  not,  the  roof  will  have  to  be  raised  to  the  height 
required  to  put  in  two  120  ton  traveling  cranes,  running  on  a  track  sup- 
ported on  columns.  This  would  involve  the  removal  of  our  present  hy- 
draulic cranes,  and  the  substitution  in  their  stead  of  two  10-ton  travel- 
ing cranes,  supported  on  the  same  posts  or  columns  at  a  lower  level. 
This  would  make  the  whole  floor  space  available  both  for  the  casting 
of  ordinary  ingots  and  for  the  casting  of  guns. 

The  changes  necessary  for  casting  would  be  slight,  and  consequently 
inexpensive.  It  is  very  difficult  to  estimate  the  cost  of  other  changes. 
The  pits  with  jib-cranes  would  cost  probably  not  less  than  $10,000 ;  and 
the  pit,  with  traveling  cranes,  not  more  than  $150,000.  Heavy  trucks 
for  transportation  would  have  to  be  provided,  either  by  the  company 
or  by  the  Government.  It  is  very  difficult  to  make  an  estimate  of  the 
time  that  would  be  required  to  make  these  changes.  Probably  not  less 
than  eighteen  months  would  be  required,  fix)m  the  time  when  the  plans 
were  completed.  The  cost  per  pound  of  such  work,  I  could  not  esti- 
mate with  my  present  limited  knowledge  as  to  what  would  be  required 
by  the  Government  in  the  way  of  a  guarantee.  In  the  event  of  failure 
would  the  loss  fall  on  the  contractor  f 

In  making  the  required  changes  we  would  be  deprived  of  the  use  of 
our  plant  for  quite  a  long  time^  and  be  obliged  to  give  up  a  portion  of 
our  present  business.  What  inducement  would  the  Government  offer 
us  for  giving  up  a  profitable  working  plant  or  changing  it  into  an  ex- 
perimental onef  In  my  judgment,  until  such  time  as  the  Government 
is  willing  to  secure  the  contractor  against  possible  loss,  responsible 
parties  will  not  come  forward  and  place  their  works  and  their  capital 
jftt  its  service. 

I  think  that  we  possess  greater  facilities  for  such  work  than  most 
other  establishments,  and  that  we  would  need  to  make  fewer  alterations 
and  additions  to  our  plant  to  enable  us  to  turn  out  large  guns  than  any 
other  firm  or  corporation  in  this  country,  f^rom  our  experience  with 
smaller  work  I  am  led  to  believe  that  larger  castings  for  guns  could  be 
made  with  the  regularity  and  with  the  solidity  and  strength  required. 
Of  course,  some  time  might  be  required  to  fully  develop  such  a  new 
feature  in  our  business,  to  overcome  the  difficulties  and  risks  attending 
the  casting  and  handling  of  such  large  masses  of  steel,  and  to  fulfill  all 
the  conditions  required.  In  conclusion,  I  will  say  that  I  have  no  doubt 
that  the  Pennsylvania  Steel  Company  would  enter  into  any  equitable 
arrangement  with  the  Government  whereby  the  desired  results  could 
be  obtained.  I  would  most  certainly  do  all  in  my  power  to  forward  any 
and  all  exx>eriment8  that  the  Department  would  undertake. 
Tours,  truly, 

L.  S.  BENT, 
Superintendent 


Analji9l$  of  Pmnaylvania  Steel  CompaHy^a  ore. 

Percent. 

Iron  in  the  natural  state 63.78 

(ron  dried  at  213  degrees 64.11 

Moisture 51 

Specific  gravity 4.78 

Pbosphoms 0fl68 

4963  OB ^23 


■lATBMBIT  07  XK.  T.  3.  PBTBE. 

Bbiebfieli),  Ala.,  November  11, 1884. 

To  the  Select  Committee  of  the  United  States  Senate  on  Ordnance  emd  War 

Ships : 
Oentlebcen  :  We  are  progressing  very  satisfactorily  now  with  oar 
works  at  Brierfleld.  We  are  making  aboat  500  kegs  of  nails  per  day. 
We  have  fifty  coke-ovens  in  operation,  and  within  thirty  days  will  have 
oar  machinery  for  crashing  and  washing  the  coal  in  operation.  The 
following  analysis  of  the  coke  we  are  now  making  was  made  by  Bmile 
Sjostahd,  esq.,  the  chemist  of  the  Shelby  Iron  Works : 

Peroeat. 

Fixed  carbon 92.39 

A8h 6.01 

Bolphor - 0.32 

We  are  not  running  oar  famaoe,  the  ^^Bibb,'^  bat  we  are  repairing  it 
preparatory  to  blowing  in.  The  following  is  a  partial  analysis  of  our 
iron,  made  by  Regis  Ohaavenet  &  Brother,  of  Saint  Loais: 

Pttoant 

Silicon 1.89 

Phosphoros 0.197 

HfugMieae 0.494 

• 

This  was  the  ordinary  ran  of  oar  famace  iron.  By  selectitfg  oar  ore 
banks,  we  can  anqaestionably  redace  the  phosphorus  bdow  one-tenth 
of  1  per  cent.,  and  make  an  excellent  Bessemer  pig.  As  it  is,  this  iron 
is  an  excellent  article  for  the  manufaotare  of  steel  by  the  opon-hearth 
process. 

The  phosphorus  could  be  washed  out  by  the  Krupp  dephosphorizing 
process,  or  an  excellent  article  of  steel  could  be  made  of  this  iron  just 
as  it  comes  from  our  furnace  without  any  ore  selection,  by  the  Olapp 
and  GrifBth  process,  now  in  successful  operation  at  the  works  of  Messrs. 
Oliver  Bros.  &  Phillips,  at  Pittsburgh.  I  have  a  letter,  dated  October 
25, 1884,  from  James  P.  Witherow,  esq.,  an  eminent  metallurgical  eo: 
gineer  residing  in  Pittsburgh,  fh>m  whidi  the  following  is  an  extract : 

Yesterday  wo  made  in  the  Clapp  and  GriflSth  converter,  special  teste  with  phos- 
phoric pig  iron.  The  whole  charse  mn  into  the  converter  contained  one-half  of  1 
per  cent,  of  phosphoros.  Tests  of  the  steel  produced  from  this  gave  marvelous  re- 
sults, rods  01  it  bending  double,  cold,  without  either  flaw  or  ft-acture. 

I  desire  to  rail  your  attention  to  the  following  extracts  from  an  article 
published  in  volume  12,  numbers  1  and  2,  of  the  Southern  Historical 
Society  Papers,  printed  in  January,  1884,  at  Richmond.  The  article  wa8 
found  among  the  papers  of  the  late  General  Josiah  Gorgas,  chief  of  ord- 
nance of  the  Gonfederate  States. 

Page  83: 

The  iron  obtained  from  the  brown  hematite  at  the  furnaces  in  Bibb  County,  Brier- 
field,  and  from  the  Shelby  Works,  was  admirable,  the  former  being  of  nnnaaal 
strength. 

364 
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Page  88: 

To  theee  woold  have  been  added  a  foundry  fbr  heavy  guns  at  Selma  or  Brierfleld, 
Ala.,  at  whiek  latter  plaee  ike  Hrongest  ir<m  ta  the  country  wu  produced. 

Id  conclasion,  permit  me  to  say  that  it  is  the  intention  of  the  Brier- 
field  Goal  and  Iron  Company  to  erect,  within  a  short  time,  a  plant  for 
making  steel  with  converters,  and  also  an  open-hearth  plant. 
I  remain,  yours  tmly, 

T.  J.  PETER, 
President  Brierfield  Coal  and  Iran  Oompany. 


LETTBB  FROM  THB  PITT8BUE0H  STESLCASTDrO  COMPABT. 

PiTTSBUBGH,  Pa.,  Augustj  1884. 

Gentlemen  :  Your  circular,  dated  Jaly  16th,  to  hand,  and  in  reply 
would  say  that  our  business  is  the  manufacture  of  steel  castings,  both 
crucible  and  refined  Bessemer.  During  the  last  fourteen  years  we  haTe 
made  fully  99  per  cent,  of  all  the  steel  castings  that  have  been  made  in 
this  country.  We  regret  that  the  limited  time  allowed  us  to  answer 
this  circular  prevents  our  giving  fuller  estimates  of  the  cost  of  prepa- 
ration to  make  the  various  sized  castings  required  for  guns  and  plates. 
In  our  crucible  department  we  have  a  capacity  of  15  net  tons  of  cast- 
ings per  day,  or  4,500  tons  'per  annum,  and  yet  work  to  advantage  in 
our  present  location.  The  largest  crucible  steel  castings  we  have  made 
weighed  7,000  pounds.  With  a  fiirther  expenditure  of,  say,  $50,000  we 
would  be  able  to  produce  a  14,000-pound  casting.  We  have  no  results 
at  hand  of  full  mechanical  or  chemical  tests  made  outside  of  our  works. 
I^one  of  our  castings  show  a  tensile  strength  of  less  than  65,000  pounds 
per  square  inch,  and  usually  run  from  75,000  to  100,000  pounds  per 
square  inch,  with  an  elongation  of  2  per  cent,  and  upwards. 

We  would  now  call  your  attention  to  our  refined  Bessemer  depart- 
ment, which  has  a  capacity  of  150  tons  per  day  of  castings  and  rolled 
slabs  or  blooms.  The  largest  castings  we  have  made  in  this  department 
weighed  9  tons.  With  a  ^rther  expenditure  of  $10,000,  we  could  pro- 
duce an  18-ton  casting.  We  are  now  prepared  to  roll  plates,  provided 
the  width  is  not  over  3  or  4  feet,  the  thickness  not  over  9  inches,  and 
the  weight  not  over  3  tons,  which  is  the  capacity  of  our  hydraulic  heat- 
ing-furnace cranes.  With  a  further  expenditure  of  $10,000  we  would 
be  able  to  roll  a  6- ton  plate.  Our  refined  Bessemer  castings  and  rolled 
steel  have  been  thoroughly  tested,  both  chemically  and  mechanically. 
In  recent  tests  made  of  refined  Bessemer-steel  casting  at  the  Washing- 
ton navy-yard,  the  pieces  being  taken  from -some  steel  gun-carriage 
castings  furnished,  the  results  were  as  follows: 


MarkB. 

mtimiit« 
Btrength   per 

1 

Eloof^ation.  ^9lMtio  limit 

A    

Pound*. 
88,000 
89,535 

Ptr  cmL          Pmmd*. 

17.0  1               49.120 
16. 8                 M.  ICS 

B 

We  have  recently  made  for  the  Ordnance  Department  of  the  United 
States  Navy  five  sets  of  6-inch  and  four  sets  of  8-inch  gun  carriages; 
and  have  an  order,  yet  unfilled,  for  fifteen  sets  of  6-inch  gun  carriages. 
Our  experience  with  steam  hammers  is  limited  to  small  ones,  but  we 
are  now  putting  in  a  5-ton  hammer.  Though  we  have  had  no  experi- 
ence with  forging-presses,  we  are  in  favor  of  them,  and  believe  they 
will  give  the  most  satisfactory  results. 

We  have  tried  compressing  the  liquid  metal  in  the  molds,  but  only  in 
small  castings,  and  found  it  was  impracticable ;  but  we  believe  in  the 
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lesolts  of  the  process  when  applied  to  oertaiii  Hhai>e8  of  large  castings. 
Bhonid  yon  find  there  is  any  farther  information  you  wish,  that  we 
woold  be  able  to  give,  we  would  be  pleased  to  furnish  it,  as  we  believe 
it  is  to  the  best  interests  of  the  ooontry  that  this  work  should  be  done, 
under  Government  inspection,  by  private  corporations  or  individuals 
who  have  had  practical  experience,  rather  than  by  the  Government. 

Again  regrettiug  that  the  limited  time  prevents  our  putting  ftirther 
detaOs  at  your  disposal,  we  remain, 
Yours,  truly, 

F.  N.  HOFFSTOT, 

Secretary. 
To  the  Select  Committee^  Jkc. 


STATEMEHT  OF  MB.  TOHH  ntWIH,  JE. 

PiTXSBCTRGH,  Pa.,  December  S,  1884. 

Gbntlbken  :  According  to  promise  we  inclose  yon  a  copy  of  tests  of 
our  steel  castings. 

Mr.  Hainsworth  desires  also  to  call  your  attention  to  the  capabilities 
of  our  plant  for  producing  steel  ingots  for  ordnance. 

We  have  a  building  32  feet  4  inches  square,  built  stronger  than  any 
other  in  the  country;  it  was  erected  in  this  manner,  with  the  view  of 
increasing  at  any  time  the  lifting  capacity  should  we  have  a  call  to  do 
HO,  the  height  enabling  us  to  handle  a  long  ingot. 

At  present  we  could  with  but  slight  expenditure  handle  an  ingot  of 
25  tons  in  weight 

In  regard  to  the  tests  inclosed  we  would  say  that  we  can  And  no 
record  of  better  or  more  unilbrm  results  either  at  home  or  abroad,  and 
we  think  that  in  a  short  time  the  superiority  of  refined  Bessemer  steel 
over  that  of  any  other  method  of  manufacture  will  be  universally  ac- 
knowledged. In  support  of  this  assertion  I  would  say  that  the  Gov- 
ernment requires  in  boiler-plate  rivets  and  ship  plates  an  elongation  of 
23  per  cent.,  while  in  steel  castings  they  are  now  asking  a  minimum 
elongation  of  25  per  cent. 
Yours  truly, 

JOHN  IRWIN,  Je., 
Treasurer  Pittsburgh  Steel  Casting  Co. 

To  the  Select  Committee^  dec. 


TfU  iakm  from  ca^HngB  of  refined  Bueemer  $(^1  not  tcorkM  or  forged. 


No.  1. 
No.  2. 
No.  3- 
No. 


No.  6 

No.« 

No.  7 

No.  8 


No.  » 

(The  above  tests  weie  from  cMtings  to  meet  reqairements  of 
00,000  tensUe  and  5  per  oent.  eloni^atlon.)  ' 

Test  at  WaahlDgton  naTT-yard 

Same  at  Pittaborgh  testing  laboratory  

.Steel  cut  from  caatlng  and  reduoed  oy  forging  22  per  cent.,  cooled 


slowly. 


Worked  as  above  and  oil  tempered 

(This  material,  we  think,  woold  l>e  about  the  right  temper  and  < 
strength  for  guns.    Reqalreiuents  of  above  steel  OU.OOO  tensile  auU 
\i!i  per  C4*nt.  elongation.) 

TmC  <(f  oU-Umpered  crueHfls  HmI.  | 

Flywheel  for  Howell's  torpedo* [    120,000 

^ineh  $Uel  OMm,  aU  of  erwibU  $Ud. 


TensUe 

Slastie  ! 

Slonga 

strength. 

limit.    1 

tion. 

Foundt. 

Pound*. 

Firre0nt 

88,000 

48.000 

17.6 

88,000 

48,000 

15.8 

86,700 

32.800 

IS.0U 

81,400 

81,800 

14.7 

79.000 

32,400 

17.5 

80,800 

41,000 

17  1 

70,400 

39.200 

15.25 

75,000 

38,400 

19.6 

83,300 

81,000 

17.5 

71.000 

35.009 

27.1 

04,200 

47,800 

31 

W.000 

02,000 

27 

102,000 

01.490 

M 

No.  1 

No.  2 

No.  8 :... 

No.  4,  oil>tempeied. 


88,900 
81.700 
05.900 
112.000 


00,000 


28.700 
88.800 
68.500 
71,000 


*  Tests  made  at  Washington  navy-yaid  showed  a  tensile  strength  of  90,000  pounds  and  an  elaatic 
limit  of  40,000  poiuids.    (Chairman. ) 
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LBTTEB  FROM  THE  P0TT8T0WN  IBOH  COMPAHT. 

Philadelphia,  Pa.,  Augmt  1, 1884. 
Gentlemen  :  Beplying  to  your  circular  of  July  16,  we  would  say 
that  we  manufacture  boiler  and  ship  plates  at  present  of  iron,  which 
are  very  favorably  known  in  the  market,  owing  to  their  extra  finish  and 
trimming  as  well  as  superior  quality,  fulfilling  in  all  respects  the  re- 
quirements for  marine  works.  Having  a  heavy  and  strong  train  and 
long  rolls  we  can  turn  out  plates  wider  than  most  other  mills,  and,  in 
addition,  have  machinery  at  our  rolls  to  handle  the  plates.  Our  ca- 
pacity on  favorable  sizes  would  reach  over  15,000  tons  per  annum,  and 
were  there  sufficient  encouragement  the  company  could  increase  this, 
and  possibly  add  a  steel  plant,  as  our  mills  are  equally  well  adapted  for 
this  work.  In  view  of  the  favorable  position  of  our  ores  and  coal  in 
Pennsylvania,  is  there  a  better  location  for  a  shipyard  or  gun  foundry 
than  on  the  Delaware  Biver,  in  or  near  Philadelphia,  with  its  railroad 
connections  to  all  parts  of  our  vast  territory? 
Respectfully, 

WILLIAM  H.  MORRIS, 

Treasurer, 
To  ike  Select  Oammitteej  die. 
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LEITEB  FBOM  THB  STAVSABD  STEBIrCASinrO  COMPAHY. 

Thublow,  Pa.,  July  29, 1884. 

Obntlemek:  In  reply  to  your  circular  of  the  16th  instant,  I  would 
state  that  the  Standard  Steel-Casting  Company  has  just  commenced 
oi>eration8.  We  have  one  10-ton  Siemens-Martin  furnace  and  one  18- 
pot  Siemens  crucible  furnace.  Our  capacity  is  at  present  3,000  tons  of 
castings,  but  if  we  were  to  make  ingots  it  could  readily  be  increased  to 
18,000  tons  per  year.  "We  propose  to  make  soft-steel  castings  free  from 
blow-holes,  and  the  stock  will  be  the  same  as  that  used  in  the  manu- 
facture'of  the  best  boiler  and  ship  plates.  The  metal,  as  cast,  will  have 
a  tensile  strength  of  from  60,000  to  70,000  pounds,per  square  inch,  and 
an  elongation  of  from  15  to  20  per  cent,  in  an  8-inch  section.  It  will 
contain  about  .20  per  cent,  carbon,  .50  per  cent,  manganese,  .30  per  cent 
silicon,  and  from  .05  to  .10  per  cent,  phosphor  as. 

I  believe  that  metal  of  such  physical  and  chemical  characteristiGS 
would  be  admirably  adapted  for  gnus  and  ordnance.  I  would  fuitber 
call  your  attention  to  the  fact  established  by  Mr.  Alex.  Pourcell,  of 
Terre  Noire,  France,  and  by  the  late  Mr.  Alex.  Holley,  that  the  density 
of  this  cast  metal  is  greater  than  tbat  of  rolled  or  hammered  steel.  Of 
course  guns  made  directly  into  shape  would  be  very  much  less  expensive 
than  forgiugs,  both  as  to  first  cost  of  plant  and  afterwards  as  to  labor. 
The  use  of  ferro-silicon  has  rendered  it  possible  to  make  such  castings 
practically  solid. 

Of  course  it  is  natural  for  us  to  believe  that  Chester  and  vicinity  is 
admirably  located  for  gun  foundries  and  ship-yards.  Bessemer  iron, 
the  basis  for  steel  plate  and  castings,  can  be  manufactured  cheaper  on 
the  Delaware  Biver  from  foreign  ores  than,  perhaps,  at  any  other  point 
in  the  United  States. 

We  believe  it  far  preferable  as  regards  both  time  and  economy  to  have 
the  work  done  by  contract.  There  are  a  number  of  private  concerns  in 
this  country  who  would  be  willing  to  undertake  the  work,  providing  there 
was  some  assurance  of  a  steady  market. 

I  wish  to  further  call  your  attention  to  the  remarkable  metal  made 
by  Mr.  Hadfield,  of  Sheffield.  This  <^  manganese  steel  ^  has  a  tensile 
strength  of  over  100,000  pounds  per  square  inch,  with  the  remarkable 
ductility  of  20  per  cent,  in  8  inches. 

I  take  the  liberty  of  sending  you  marked  copies  of  the  Iron  Age,  con- 
taining my  paper  and  discussion  on  steel,  read  at  the  Cincinnati  meet 
ing  of  mining  engineers. 

Any  further  information  I  can  give  you  I  shall  be  most  happy  to  fur- 
nish at  any  time. 

Yours,  very  respectfully, 

PEDRO  G.  SALOM, 

PreaidenL 

To  the  Select  Oommitteej  dk. 


TSEDEQAE  IBOH  COMPAHY. 

The  following  were  sent  to  the  committee  by  Oen.  Joseph  K  Andei 
son,  president  of  the  Tredegar  Company  : 

Oopy  of  letter  Jrom  Joseph  B.  Anderson^  president  of  the  Tredegar 
Oomptmyy  to  Bear-Admiral  SimpsoUy  president  of  the  Oun  Foundry 
Board. 

BiOHMONB,  Va.,  June  12,  1884. 

Sm:  I  have  had  the  honor  to  receive  your  letter  of  15th  ultimo,  to- 
gether with  a  copy  of  the  report  of  the  Gun  Foundry  Board.  The  sub- 
ject has  been  carefully  considered  by  this  company,  and  I  beg  to  give 
you  our  views.  It  is  nearly  fifty  years  since  the  construction  of  these 
works  was  begun,  and  they  have  been  continuously  operated  since  that 
time,  $1,125,000  having  been  invested  in  the  plant. 

The  works  are  locat^  on  James  Biver,  in  the  city  of  Bichmond,  and 
are  connected,  by  rail,  with  all  the  railroads  running  from  this  city 
north,  south,  east,  and  west.  There  is  probably  no  more  salubrious  and 
equable  climate  within  the  limits  of  the  Fnion,  and  no  location  more 
accessible,  both  by  rail  and  by  water,  to  all  points  of  our  sea-coast,  or 
safer  from  interference  of  the  public  enemy  in  time  of  war. 

At  the  same  time,  we  have  convenient  to  us,  in  great  abundance,  iron 
ores  and  coals  equal  to  the  best  in  the  country ;  ores  best  adapted  to 
the  fabrication  of  cannon  and  of  steel  being  largely  owned  by  this  com- 
pany. 

In  the  year  1842  this  foundry  was  adopted  by  the  Army  and  Navy 
Departments  as  one  of  the  foundries  to  make  cannon  for  the  two  serv- 
ices, and  the  records  of  the  Ordnance  Department  will  show  that,  when 
proofs  of  the  strength  of  iron  used  at  the  different  foundries  have  been 
made,  by  firing  to  extremity  guns  of  the  same  caliber  made  at  each 
foundry,  by  the  same  schedule,  the  Tredegar  gun  has  shown  the  great- 
est endurance  of  all. 

We  have  thus  had  some  education  in  the  fabrication  of  iron  ordnance. 
We  have  also  had  experience  in  iron  ship-building,  more  especially  in 
the  construction  of  the  machinery  of  some  of  the  largest  steam  frigates 
in  the  Navy ;  as,  for  example,  the  Boanoke  and  Colorado,  both  of  which 
were  entirely  fitted  out  at  these  works. 

We  would  propose  to  enlarge  our  plant  so  as  to  enable  us  to  cast  and 
forge  steel  ingots  up  to  100  tons ;  also  for  rough  boring  and  turning, 
and  with  suitable  appliances  for  tempering.  I  am  not  now  able  to 
make  an  accurate  estimate  of  the  amount  required  to  make  such  addi- 
tions to  our  plant.  I  visited,  last  year,  some  establishments  in  Europe 
engaged  in  these  operations,  but  not  being  then  aware  of  the  view  your 
Board  would  take  of  the  subject  I  did  not  obtain  the  information  now 
wanted.  But  I  judge,  from  the  information  contained  in  the  report  of 
tbe  Board,  that  it  would  require  about  $560,000  to  provide  this  estab* 
lishment  with  machines^  tools,  and  fixtures  for  such  a  steel  plant  as 
mentioned  above.    Leaving  our  present  gun  foundry,  boring  and  turn> 
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ing  mills  (capable  of  tarning  out  104nch  guns)  to  stand  as  they  are, 
and  bailding  the  new  works  separately,  I  estimate  appi*oximatcly  that 
this  plant  could  be  erected  in  about  two  years  from  its  commencement, 
and  I  propose  to  undertake  it,  provided  the  Grovernment  will  advance 
the  money,  under  such  guards  as  may  be  prescribed,  to  be  reimbursed 
to  the  Treasury  by  reserving  5  per  cent,  upon  all  the  ordnance  work 
done  for  the  Government. 

I  have  the  honor  to  be,  your  obedient  servant, 

JOSEPH  R.  ANDERSON, 

President 
Rear- Admiral  E.  Sikpson,  United  States  Navy^ 

President  Ovn  Foundry  Board^  Washington^  D.  C. 


Copy  0/ letter  from  Joseph  B,  Anderson^  supplementary  to  the  foregoing. 

Richmond,  Va.,  June  13, 1884. 

Sib  :  Referring  to  my  letter  of  12th  instant,  I  find  that  I  omitted  to 
state  that  the  sum  named  as  probably  necessary  to  provide  the  pro- 
posed steel  plant,  does  not  include  the  cost  of  buildings.  My  proposi- 
tion therefore  is  this : 

If  the  Government  will  advance  the  amount  necessary,  this  company 
will  proceed  at  once  to  add  the  plant  required  for  casting,  forging, 
rough  boring  and  turning,  and  tempering  the  parts  of  steel  guns  up  to 
100  tons.  The  reliable  information  giv6n  by  the  report  of  the  Gun 
Foundry  Board  shows  that  the  cost  would  be  about  $560,000,  besides 
the  cost  of  requisite  buildings,  which  it  is  believed  would  be  about 
$5,000  per  square  of  60  feet. 

The  money  advanced  to  be  secured  by  the  Government  retaining 
proprietorship  of  the  plant  until  the  whole  amount  has  been  reimbursed 
by  a  reservation  of  5  per  cent,  of  all  bills  for  work  done  for  the  Govern- 
ment. 

I  will  add,  in  response  to  the  last  paragraph  of  your  letter  of  15tU 
May  last,  that  the  creation  of  the  proposed  plant  for  the  manufacture 
of  gun  material  will  enable  this  company,  with  the  aid  of  its  present 
rolling-mill  plant,  to  manufacture  armor  plate. 

I  have  the  honor  to  be,  your  obedient  servant, 

JOSEPH  R.  ANDERSON, 

President 

Rear  Admiral  E.  Simpson,  United  Statks  Navy, 

President  Chm  Foundry  Boardy  Washington^  D.  O. 


LETTEB  7B0M  THE  UNIOH  STEEL  GOMPAHT. 

Chicago,  July  30, 1884. 
Gentlemen  :  Yonr  circular  letter  of  the  16tli  has  been  referred  to 
me  in  behalf  of  the  Union  Steel  Company,  and  in  reply  have  to  say, 
that  our  works  have  a  capacity  for  turning  out  500  tons  Bessemer  steel 
per  day,  which  is  used  chiefly  for  rails,  plates,  wire,  and  bar  steel  of 
various  sizes.  It  is  well  adapted  for  frames  of  vessels  and  armor  plates, 
but  is  not  suitable  for  large  castings.  We  have  machinery  for  rolling 
thin  plates,  but  nothing  heavy  enough  for  rolling  armor  plates. 
Very  respectfully  yours, 

,  A.  B.  STONE. 

To  the  Select  Oommittee,  die. 


LETTEB  FBOH  THE  IBOH  AND  STEEL  WORKS  ASSOCIATIOH  07 

viBannA. 

Goshen  Bridge,  Va.,  July  26, 1884. 

Gentlemen:  Beplying  to  your  circular  of  the  16th  instant  I  beg 
leave  to  say  that  at  present  we  are  not  manufacturing  steel.  Our  fur- 
nace capacity  is  150  tons  of  neutral  pig  per  diem.  With  basic  plant, 
which  we  contemplate,  I  think  we  can  produce  30,000  tons  per  annum 
of  good  chemical  and  physical  steel.  With  steady  market  the  capacity 
could  be  increased  to  any  desired  extent. 

In  my  opinion  the  best  location  in  America  for  ship-building,  with  at- 
tendant gun  factories,  &c.,  is  upon  the  harbor  of  Hampton  Koads  or  the 
James  Biver,  combining  more  facilities  for  strength  in  war  and  cheap 
material  in  peace  than  any  other  point  upon  the  Atlantic  coast.  It  is 
the  nearest  Atlantic  port  to  California  and  the  West;  the  most  direct 
and  accessible  to  the  cheapest  iron-producing  States  in  the  Union,  and 
borders  upon  a  vast  area  of  magnetic  and  other  steel  ores,  which  are 
not  excelled'  in  quantity  or  quality  by  any  deposits  in  this  country,  be- 
sides offering  superior  advantages  for  the  importation  of  Cuban,  Spanish, 
and  other  foreign  steel  ores,  upon  which  our  present  steel  supply  is  so 
greatly  dependent;  and  the  hard-wood  forests  of  West  Virginia,  with 
its  ten  million  acres  of  virgin  timber,  will  supply  the  cheapest  and  best 
adapted  woods,  it  needs  but  a  full  investigation  of  all  the  requisites  to 
e.stablish  the  strength  of  this  point. 

I  beg  leave  to  suggest  that,  as  far  as  my  experience  goes,  the  Govern- 
ment could  not  rely  upon  any  contract  system  for  the  satisfactory  exe- 
cution of  such  work  as  you  propose  further  than  the  supply  of  material. 
The  tools  and  existing  appliances  are  so  scattered  and  inefGicient  that 
they  cannot  be  relied  upon  under  the  most  favorable  conditions.  In 
my  opinion,  the  Government  should  own  and  control  an  entire  plant, 
upon  the  most  favorably  located  deep  water  along  the  Atlantic  coast. 
I  remain,  your  obedient  servant), 

WM.  K.  PAGE, 
General  Manager, 

To  the  Select  Committee,  dtc. 
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STATEMBHT  07  ME8SB8.  ALLEV  ft  BLAI8DBLL. 

South  Saint  Louis,  Mo., 

FOnruary  10, 1885. 

6£NTi£M£N :  Your  favor  of  the  3d  instant,  making  certain  intenoga- 
tones  in  regard  to  our  experience  and  plant  for  theconstraction  of  ves- 
sels of  war,  &c.,  is  before  us. 

In  reply  we  would  state,  that  we  were  requested  by  the  honorable 
Secretary  of  the  Navy  to  submit  proposals  for  the  steel  cruisers  in  Jul  v, 
1883. 

We  submitted  a  proposal  for  the  construction  of  the  dispatch-boat 
Dolphin,  having,  at  the  request  of  the  Secretary  of  the  Navy,  previously 
submitted  the  following  statement  of  our  facilities,  receiving  from  him 
a  reply  that  we  were  considered  competent  bidders. 

We  have  never  built  at  these  works  any  vessels  of  war.  the  contract 
for  the  Dolphin  having  been  awarded  to  Messrs.  John  Boach  &  Son, 
the  lowest  bidders,  we  being  third,  but  we  have  built  twenty-five  iron 
and  steel  river  steamers,  many  of  them  for  the  Government,  such  as 
snag-boats,  dredge-boats,  tow-boats,  survey-boats,  &c.  We  have  been 
over  ten  years  engaged  in  the  business. 

Our  present  equipment  is  about  the  same  as  stated  in  our  letter  to 
the  Secretary  of  the  Navy.  We  have  about  500  ieet  of  avaUable  river 
front,  and  are  prepared  to  undertake  the  construction  of  any  vessel 
which  can  be  floated  down  the  Mississippi  Biver  at  flood  stage,  say  of 
vessels  whose  extreme  light  draft  would  not  exceed  15  feet  without  ar- 
mament, stores,  or  fuel,  which  could  be  supplied  at  New  Orleans.  We 
can  with  our  facilities  employ  profitably  three  hundred  and  fifty  men, 
and  could  increase  to  double  that  number  if  necessary. 

We  have  facilities  for  building  boilers,  tanks,  &c.,  cupolas,  retorts, 
chimneys,  cranes,  iron  roofs,  doors,  plate  and  lattice  columns  and  gird- 
ers, short-span  bridges,  pier  castings,  wrought-iron  work  of  all  descrip- 
tions for  blast  furnaces,  and  are  prepared  to  build  steam  boilers  of  any 
desired  type  or  variety. 

Our  works  are  situated  on  the  Mississippi  KiVer.  The  Atlantic  and 
Pacific,  and  the  Saint  Louis,  Iron  Mountain  and  Southern  Railways  run 
by  them,  so  that  we  have  uuequaled  facilities  for  shipping  to  all  points 
reached  by  water  or  railway.  As  our  machinery  and  tools  are  of  the 
latest  and  most  improved  construction,  we  are  confident  of  being  able 
to  supply  our  manufactures  at  the  lowest  prices  consistent  with  first- 
class  work. 

The  steamboats  which  we  have  built  have  given  the  most  perfect  sat- 
isfaction, and  from  the  experience  gained  in  their  construction,  and  the 
abundant  facilities  at  our  command,  we  are  confident  of  our  ability  to 
supply  vessels  that  will  prove  in  every  i*espect  to  possess  all  the  advan- 
tages claimed  for  the  iron  hull. 

The  senior  member  of  our  company  was  in  the  service  during  the  war 
as  an  engineer  of  the  regular  Navy,  and  was,  for  about  two  years,  em- 
ployed in  the  designing  and  general  inspection  of  the  monitors,  where 
his  opportunities  for  observing  the  work  done  on  similar  dasses  of  ves* 
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eels,  built  in  the  navy-yards  and  by  private  parties,  were  very  extended. 
Tt  was  and  is  his  opinion  that  as  good  work  can  be  had  fiiom  private 
parties  as  is  done  in  the  navy -yards,  and  at  greatly  rednced  cost.  He 
believes  also  that  in  some  cases  private  builders  shonld  submit  plans 
and  specifications  in  competition  and  under  guarantees  as  to  promised 
results.  He  also  believes  the  Government  should  not,  as  has  recently 
been  the  case,  require  guarai\tees  of  draft  and  speed  from  private  build- 
ers, when  they  are  required  to  rigidly  follo\t  the  models,  dimensions, 
and  power  specified  by  the  Government.  We  believe  the  Government 
should  rig  and  equip,  as  well  as  arm  their  vessels  of  war,  and  the  rig- 
ging, spars,  anchors,  chains,  &c.,  should  be  made  at  the  navy-yards. 

In  dividing  the  work,  engines  and  boilers  might  be  built  by  one  con- 
tractor and  the  hulls  by  another.  This  would  produce  wider  competi- 
tion, and  probably  lower  prices.  We,  however,  believe  that  it  is  best 
to  award  the  whole  contract  to  one  party,  permitting  them  to  sublet 
either  machinery  or  hulls  to  parties  approved  of  by  the  Government. 
All  work,  of  course,  to  be  done  under  Government  inspection. 

We  believe  private  competition  will  result  in  the  construction  of  ves- 
sels at  less  cost,  and  lead  to  the  use  of  improved  machinery,  and  more 
skillful  labor.  Indeed,  competent  skilled  labor  is  rarely  found  in  our 
navy-yards. 

Our  opinion  is  that  as  far  as  can  be  done  the  Government  should  en- 
courage the  establishment  and  development  of  ship  yards  in  new  local- 
ities. As  it  is  now,  nearly  all  the  ship-yards  prepared  to  build  first- 
class  men-of-war  are  situated  on  the  banks  of  the  Delaware  Biver,  and 
the  occupation  of  that  river  by  an  enemy  would  practically  end  our 
ability  to  construct  naval  vessels,  while  the  blockade  of  its  mouth  would 
prevent  oar  sending  new  vessels  to  sea. 

Rolling-mills  capable  of  furnishing  materials  already  exist  in  differ^ 
ent  parts  of  the  country,  both  East  and  West,  and  more  would  be  built 
should  the  demand  for  them  spring  up. 

Very  respectfully,  your  obedient  Hcrvants, 

ALLEN  &  BJiAISDBLL. 

7(9  the  Select  Committee^  <fec. 


Saint  Louis,  Mo.,  June  23, 1883. 

Sib  :  lu  accordance  with  the  requirements  of  the  advertisement  of 
the  Navy  Department,  dated  April  28, 1883,  for  the  construction  of  four 
vessels  for  the  United  States  Navy,  we  submit  the  following  statement 
of  our  facilities  for  the  construction  of  the  dispatch  boat  called  for  by 
the  advertisement.  Our  works  have  been  in  operation  since  December 
1, 1874.  Since  that  time  we  have  built  twenty-five  vessels,  of  various 
types  and  sizes,  with  iron  hulls.  Many  of  these  have  been  for  the 
Government,  such  as  snag-boats,  dredge-boats,  tow-boats,  and  survey- 
boats.  We  inclose  letters  from  Col.  W.  B.  Merrill,  U.  S.  Army,  and 
from  Maj.  Charles  B.  Suter,  U.  S.  Army,  the  former  in  charge  of  the 
improvement  of  the  Ohio  Biver,  and  the  latter  in  charge  of  snag-boats 
upon  the  Missouri  and  Mississippi  Rivers,  and  of  the  improvement  of 
the  Missouri,  and  also  a  member  of  Mississippi  Biver  Commission. 
Letters  from  others  for  whom  we  have  constructed  vessels  can  be 
obtained  if  desired.  We  inclose  a  plan  of  our  ground,  showing  its 
dimensions  and  location. 

In  our  blacksmith-shop  we  have  twelve  fires,  one  steam  hammer  capa- 
able  of  forging  up  fo  12  inches  square  or  round,  and  one  steam  hammer 
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of  one-half  that  capacity,  with  the  necessary  furnaces,  &c. ;  also  a  plate 
and  angle  iron  heating  furnace,  with  bending  flue,  damps,  &c.  In  oar 
toiler  shop  we  have  a  54'inch  Bemeut  steam  riveter,  with  capacity  to 
drive  rivets  up  to  1  inch  diameter,  besides  the  usual  equipments  of  a 
boiler  shop.  In  our  boat  shop  we  have  a  Sellers  plate  planer,  capable 
of  planing  plates  up  to  I  inch  thick ;  tour  large  punches,  capable  of 
punching  from  one-half  to  1  inch  steel  plates;  two  plate-shears  of  similar 
capacity;  one  angle-iron  shear,  two  universal  carriage  countersinking 
presses,  two  drills,  one  set  heavy  binding  rolls,  capable  of  binding  eas- 
ily steel  plates  1  inch  thick;  one  small  set  rolls,  besides  various  small 
tools.  In  our  erecting  shop  we  have  an  '^ Allen  portable  pneumatit; 
riveter,"  with  which  we  have  driven  1-inch  rivets ;  also  a  hot-saw  for 
trimming  beams  and  angles ;  <'  Stowe  flexible  shaft  driU,"  &c  In  our 
saw-mill  we  have  a  saw  and  planer  for  dressing  lumber,  &c.  We  have 
also  a  pattern-shop,  carpenter-shop,  sheet-iron  shop,  paint-shop,  mold- 
loft,  all  properly  equipped  with  the  best  appliances  and  tools.  We  have 
looked  over  the  specifications  and  plans,  and  have  no  hesitation  in  say- 
ing we  have  all  needful  facilities  for  the  construction  of  the  dispatch 
boat.  Should  we  be  the  successful  bidders,  and  the  Department  award 
us  the  contract,  we  can  do  all  the  work  ourselves  except  the  motive 
machinery,  which  we  would  have  built  on  the  Atlantic  seaboard,  by 
parties  acceptable  to  the  Navy  Department.  Should  our  record  and  fa- 
cilities entitle  us  to  become  bidders  we  would  like  to  receive  as  soon  as 
possible  the  necessary  blanks,  &c.  for  preparing  our  proposals. 
Very  respectfully,  your  obedient  servants, 

ALLEN  &  BLAISDELL. 
Hon.  Secretary  of  the  Navy, 

Watfhingtony  1).  C 


OOLVMBUH  mOH  WORKS  AJSTD  DRY-DOCK  COMPAHT, 

.STATEMENT  OF  Mil,   WILLIAM  T.  MALSTER, 

Baltimore,  November  27, 1885. 

The  Chairman.  Please  state  your  name,  residence,  and  present 
position. 

Mr.  Malster.  William  T.  Malster,  Baltimore,  Md. :  president  and 
general  manager  of  the  Columbian  Iron  Works  and  Dry-Dock  Company. 

The  Chairman.  What  is  the  capacity  of  your  works  to  build  ships, 
engines,  and  boilers  t 

Mr.  Malster.  Capacity  is  large.  We  have  about  8  acr^s  of  property, 
4  of  which  are  covered  with  shops,  wharves,  and  a  dry-dock.  The 
property  is  surrounded  by  a  large  area  of  deep  water,  suitable  for  the 
launching  of  the  largest  ships.  We  also  have  the  advantage  of  railroad 
communications  which  enables  us  to  have  aJl  kinds  of  material  delivered 
in  our  yard  that  are  necessary  to  the  construction  of  ships,  boilers,  and 
engines. 

The  Chairman.  Have  you  ever  built  any  iron  or  steel  vessels? 
Please  give  a  list  of  them,  with  their  tonnage. 

Mr.  Malster.  We  have  built  several  iron  vessels  and  a  number  of 
wooden  ones,  viz :  Holly,  400  tons;  Jessamine,  400  tons;  Bobert  Gar- 
rett, 300  tons ;  F.  C.  Latrobe,  1,200  tons ;  Enoch  Pratt,  600  tons,  and 
several  large  tugs. 

The  Chairman.  What  is  the  largest  ship,  engine,  or  boiler  you  have 
ever  built  t 

Mr.  Malster.  The  largest  ship  was  1,800  tons;  the  largest  engine, 

28"  X  50" 

— ngTT —  compouud.    Boilers  of  all  descriptions,  the  largest  of  V  iron 

for  a  6,000-ton  ship. 

The  Chairman.  Has  the  Government  any  interest  or  property  in 
the  dry-dock  belonging  to  the  Columbian  Company  f 

Mr.  Malstsr.  No  ;  the  Government  granted  us  the  use  of  the  prop- 
erty for  ever,  provided  a  dry-dock  be  built  thereon  and  kept  in  order. 

(Refer  to  records  of  War  Department  (Washington),  deed  No.  4, 
pages  67,  68,  69.) 

The  Chairman.  Does  the  dock  belong  to  your  company  or  is  it  leased 
by  you  t 

Mr.  Malster.  The  property  is  leased  by  the  Baltimore  Dry-Dock 
Company  to  the  Columbian  Iron  Works  and  Dry-Dock  Company. 

The  Chairman.  Have  you  ever  made  any  bids  for  Government  ves- 
sels t 

Mr.  Malster.  I  hava 

The  Chairman.  Please  state  what  work  you  have  done  for  the  Gov- 
ernment. 

Mr.  Malster.  We  built  the  light-house  steamers  Arbutus,  Laurel, 
Holly,  and  Jessamine,  and  the  revenue  steamer  Tenchcox.  We  re- 
paired the  machinery  of  the  Tallapoosa.  We  have  done,  besides  the 
above,  a  very  large  amount  of  marine  repair  work  of  every  description 
for  the  Government,  and  have  at  present  a  Government  vessel  under 
repair. 
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The  Chairman.  Do  you  recall  that  in  1882  there  were  pnblic  adver- 
tisements  asking  all  reputable  mannfactorers  of  vessels,  steam  engines, 
boilers,  &c.,  having  regular  establishments,  to  submit  plann,  models,  and 
designs  to  the  Naval  Advisory  Board  f    Did  you  submit  any  f 
Mr.  Maxster.  I  did  not. 

The  Chairman.  Please  state  your  reasons  for  not  doing  so. 
Mr.  Malster.  it  seemed  to  me  that  it  was  the  proper  thing  for  the 
Government  to  make  plans  and  specifications,  and  then  ask  for  bids  on 
the  same,  as  no  builder  would  care  to  engage  in  furnishing  plans  and 
specifications  with  the  probability  of  having  them  rejected  and  the  Qo\ 
emment  receive  benefit  from  such  portions  of  said  plans  and  specifica- 
tions as  would  suit  their  purposes. 

The  Chairman.  Did  you  receive  in  1883  a  circular  letter  asking  ad- 
vice and  suggestions  concerning  designs  of  vessels  for. which  Congress 
was  called  upon  to  make  an  appropriation  f 
Mr.  Malster.  Tes ;  but  I  made  none. 

The  Chairman.  Are  you  enlarging  your  plant  t  If  so,  to  what  ca- 
pacity! 

Mr.  Malster.  We  are  not  enlarging  our  plant  and  shall  not  do  so 
until  business  justifies  doing  so. 

The  Chairman.  How  can  the  Government  best  build  ships,  engines, 
and  boilers  (whether  wholly  in  Government  works,  or  partly  in  such 
works  and  partly  by  contracts  with  private  builders,  or  wholly  in  pri- 
vate yards)  f  In  case  of  divided  labors  how  should  the  division  be 
madet 
Mr.  Malstbr.  Wholly  in  private  yards. 

The  Chairman.  What  would  be  the  comparative  cost  of  the  two 
methods? 
Mr.  Malster.  Thirty  per  cent,  in  favor  of  private  yards. 
The  Chairman.  Why  cannot  ships  be  built  as  cheaply  in  navy-yanls 
as  in  private  yards  f 

Mr.  Malster.  Because  men  will  not  work  as  hard  in  navy-yards  as 
in  private  ones;  delays  arise  in  transmitting  orders;  there  is  an  apathy 
of  foremen  who  have  secured  their  positions  by  political  influence ;  too 
much  time  is  spent  on  precision  ;  and  there  are  many  men  who  do  no 
other  work  than  attend  roll-call. 

The  Chairman.  Has  the  eight-hour  law  any  influence  on  this  ques- 
tion? 

Mr.  Malster.  An  immense  influence.  The  di£ference  is  two  hoars 
per  day  for  every  man  employed,  all  private  yards  requiring  ten  hours 
for  a  day's  work. 

The  Chairman.  Which  are  the  best  locations  for  the  performance  of 
the  work  indicated  in  the  resolution  t 

Mr.  Malster.  Baltimore,  New  York,  Philadelphia,  and  the  Delaware 
Biver. 

The  Chairman.  Has  Baltimore  any  advantages  over  Kew  York  or 
any  place  on  the  Delaware  Biver  for  the  production  of  ordnance  or  war 
ships  f 

Mr.  Malster.  Baltimore  has  many  advantages  over  them  for  ship- 
building by  reason  of  its  proximity  to  the  iron  and  coal  fields  of  Penn- 
sylvania, Indiana,  and  Virginia;  superior  wood  material;  cheap  labor; 
less  cost  of  living;  abetter  climate,  which  permits  outside  work  more 
days  in  the  year ;  proximity  to  the  capital,  which  is  an  advantage  in 
settling  questions  promptly  without  the  formality  of  department  routine; 
plenty  of  water,  and  the  best  harbor  in  the  world. 
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The  Chairman.  Please  state  what  yoa  know  of  the  forging  or  rolling- 
mill  capacity  of  the  United  States. 

Mr.  Malster.  Iron  can  be  rolled  and  shafts  forged  m  the  United 
States  for  the  largest  ships. 

The  Chairman.  Where  do  yoa  get  your  supplies  for  the  constraction 
of  yonr  ships,  engines,  and  boilers  f 

Mr.  Malster.  Ship  plate  is  furnished  us  in  this  city  by  two  rolling 
mills.  We  procure  forgings  from  Pittsburgh,  West  Point,  Keading, 
Bordentown,  and  other  places.    All  other  material  we  furnish  ourselves. 

The  Chairman.  Have  you  given  any  attention  to  the  questicp  whether 
a  large  iron-clad,  similar  to  those  of  England,  could  be  built  in  this 
country  within  a  reasonable  time f  Such  an  ironclad  would  require 
very  heavy  steel  forgings  and  armor  plates. 

Mr.  Malster.  There  ought  not  to  be  any  trouble  in  building  such 
vessels  in  a  reasonable  time. 

The  Chairman.  Would  you  be  willing  to  undertake  the  building  of 
armored  ships  that  would  be  duplicates  of  the  latest  typesjn  the  British 
Navy! 

Mr.  Malster.  I  would,  and  be  glad  of  the  opportunity. 

The  Chairman.  Where  would  you  get  the  heavy  plates  and  steel 
shafts  that  would  be  required  f 

Mr.  Malster.  Could  not  say  until  after  the  contract  was  signed. 

The  Chairman.  What  inducements  would  you  require  to  undertake 
such  work  f 

Mr.  Malster.  A  full  set  of  detailed  drawings  with  specifications 
that  did  not  conflict ;  an  order  to  build  the  ship ;  a  fair  price ;  pay- 
ments to  be  made  at  reasonable  intervals,  and  a  reasonable  time  to  com- 
plete the  work. 

The  Chairman.  Do  you  think  that  ships  of  the  type  just  meotioned 
can  be  built  here  as  cheaply  as  in  England  if  you  had  the  proper  plant  Y 

Mr.  Malster.  I  do  not,  tor  the  reason  that  labor  is  cheaper  in  Eng- 
land than  in  this  country;  but  I  think  the  difference  of  cost  of  build- 
ing ships  in  the  two  countries  can  be  materially  lessened  by  giving  our 
mechanics  steady  work.  They  will  work  for  less,  and,  being  better  and 
more  rapid  workmen,  they  will  bring  the  difference  to  a  minimum. 

The  Chairman.  What  firms  in  Baltimore  have  plants  of  sufficient 
capacity  to  supply  war  vessels  of  more  than  2,000  tons  f 

Mr.  Malster.  The  Columbian  Iron  Works  and  Dry-Dock  Company. 

The  Chairman.  How  long  would  it  take  them  to  get  ready  to  build 
armored  ships  of  10,000  tons  1 

Mr.  Malster.  About  ninety  days. 

The  Chairman.  Have  you  any  other  suggestions  to  offer  that  will 
assist  this  committee  in  the  direction  of  the  resolution  under  which  it 
is  making  its  inquiries  f 

Mr.  Maltser.  No.  Ton  seem  to  have  covered  a  great  many  of  tb^ 
principal  points. 
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statement  of  mr,  thomas  l\  rowland, 

Gbeenpoint,  Bbooklyn,  N.  Y., 

FOiruary  6,  ia85. 

The  Chairman.  Please  state  your  name  and  present  position. 

Mr.  KoWLAND.  Thomas  F.  Bowland ;  proprietor  and  engineer  of  the 
Continental  Works,  Greenpoint,  Brooklyn,  N.  Y. 

The  Chairman.  Have  you  at  any  time  been  requested  by  the  €rOT- 
emment  to  build  ships,  engines,  and  boilers  f 

Mr.  Bowland.  Yes ;  several  times.  I  accepted  the  invitations,  made 
proposals,  and  generally  received  orders  thereon. 

The  Chairman.  What  is  the  capacity  of  your  works  to  build  ships, 
engines,  and  boilers  f 

Mr.  Bowland.  The  capacity  is  sufficient  to  build  vessels  of  any  type, 
or  dimensions,  likely  to  be  required  by  the  Government.  I  claim  also 
to  be  pretty  thoroughly  conversant  with  torpedo-boat  construction,  and 
the  necessary  machinery,  applianoos,  &c.  I  am  prepared  to  build  boil- 
ers of  any  required  character  and  size,  and,  generally,  to  do  any  engi- 
neering work. 

The  Chairman.  Please  name  the  vessels  of  war,  or  engines  and  boil- 
ers for  same,  you  have  built. 

Mr.  Bowland.  I  constructed  the  original  Monitor,  the  Passaic,  Mon- 
tauk,  and  Eaatskill ;  excepting  the  machinery  of  these  vessels,  which 
was  constructed  by  C.  H.  De  Lamater,  of  New  York.  I  constructed  the 
double-turreted  monitor  Onondaga,  excepting  the  machinery  of  said  ves- 
sel, which  was  constructed  by  George  W.  Quintard,  the  then  proprietor 
of  the  Morgan  Iron  Works,  New  York  City.  I  constructed  the  single- 
turreted twin-screw  monitor  (known  as  the  lightdraugkt  class)  Cohoes, 
excepting  the  machinery,  which  was  constructed'  by  other  parties.  1 
built  the  double-turreted  Ericsson  monitor  Puritan,  excepting  the 
machinery',  which  was  constructed  at  the  Allaire  Works,  New  York,  of 
which  T.  F.  Secor  was  then  the  president  and  engineer.  All  of  the  fore- 
going vessels  were  contracted  for  directly  with  the  Government,  by  otiier 
parties,  viz,  the  first  four  by  Capt.  John  Ericsson  and  associates ;  the 
fifth  by  George  W.  Quintard;  the  sixth  by  M.  F.  Merritt;  the  sev- 
enth by  Capt.  John  Ericsson  and  associates;  and  I  contracted  wiik 
these  respective  gentlemen  for  the  production  of  the  said  vessels.  I 
contracted  direcUy  with  the  Government  to  build  and  deliver  at  the 
New  York  navy-yard  the  iron  double-ender  war  vessel  Musooota.  This 
vessel  I  constructed  complete  and  ready  for  service,  with  the  exception 
of  the  machinery,  for  which  I  contracted  with  George  W.  Quintaid, 
then  of  the  Morgan  Iron  Works,  New  York.  About  twelve  years  ago 
I  raised  the  sides  of  the  monitor  Kaatskill,  put  in  new  iron  decks,  new 
boilers,  new  joiner  work,  and,  generally,  put  ship  and  machinery  in  first- 
class  condition.  A  year  or  two  later  I  contracted  for  and  constructed 
a  new  iron  hull  and  new  boilers  for  the  United  States  monitor  Monad- 
nock  :  this  hull  was  transported  to  Califormia,  and  there  re-erected  and 
launched.  I  built  the  impregnable  chimneys  for  the  four  wooden  double- 
turreted  monitors  built  during  the  war  in  the  navy-yards.    These  ves- 
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sels  are  known  as  tti«  ^^  Miantonomoh  class."  I  oonstmcted  the  impreg- 
nable pilot-honse  of  the  Danderberg.  Some  four  years  ago  I  over- 
hauled the  machinery  of  the  United  States  torpedo-boat  Alarm,  substi- 
tuting for  the  Fowler  propeller,  with  which  she  was  equipped  when  con- 
structed, a  Mallory  patent  steering  propeller,  thereby  increasing  the 
speed  of  the  vessel  ftom  about  seven  to  twelve  knots  per  hour.  I  have 
at  various  times  done  other  work  for  the  Government,  but  of  hardly 
sufficient  moment  to  record. 

The  Chairman.  Are  yon  enlarging  your  plant  f 

Mr.  BowLAND.  Yes ;  for  the  purpose  of  meeting  what  I  believe  will 
be  the  increasing  demands  of  businet>8,  and  to  be  prepared  for  the  pro- 
duction of  a  higher  class  of  construction — ^notably,  welded  and  corru- 
gated boiler  furnaces,  &c.,  and  generally  to  more  effectually  perform 
our  work. 

The  Ohairhan.  What  experience  have  you  had  in  the  use  of  steam 
hammers  and  of  hydraulic  forging  presses! 

Mr.  BowLAND.  I  have  had  no  experience  in  the  working  of  hammers 
of  great  magnitude;  steam  hammers  for  ordinary  forging  I  have  used 
for  years  in  my  business.  Much  of  my  work  in  the  way  of  forming  and 
welding  torpedoes,  flasks  for  withstanding  great  pressures,  and  kindred 
vessels,  I  have  executed  by  means  of  hydraulic  machinei^.  These  ves- 
sels I  preferably  form  of  steel,  and  I  find  no  difficulty  in  welding  the 
same ;  in  fact,  do  it  with  equal  or  greater  certainty  than  would  be 
the  case  in  welding  of  iron.  ' 

The  Chairman.  Have  you  ever  seen  the  hydraulic  forging  press  in 
operation  f 

Mr.  EowLAND.  No  5  other  than  as  previously  answered. 

The  Chairman.  What  are  the  comparative  advantages  and  disad- 
vantages of  the  two  systems  of  forging  f 

Mr.  Rowland.  Both  systems  are  very  useful,  and  all  well-equipped 
establishments  should  be  provided  with  steam-hammers  and  hydraulic 
forming  and  forging  machinery.  These  ai^pliances  are  suitable  for  work 
of  different  character,  for  instance,  where  the  undertaking  in  hand  is 
the  production  of  the  stem  and  stern  posts  of  a  first-class  iron  frigate, 
and  the  rudder-frame  for  the  same,  they  could  be  wrought  into  shape 
and  welded  at  their  various  joinings  with  more  expedition  and  greater 
precision  by  the  steam-hammer  than  would  be  the  case  were  hydraulic 
machinery  employed.  This  also  is  true  of  the  formation  of  many  parts 
which  are  requisite  for  the  production  of  a  steam-engine ;  but  in  csu^e 
of  forgings  which  are  to  be  multiplied  in  their  numbers,  and  which  it 
is  feasible  to  produce  in  suitable  dies,  hydraulic  machinery  is  eminently 
preferable.  It  is  also  destined  to  play  an  important  part  in  this  country 
in  the  production  of  improved  hollow  steel  shafts  for  marine  engines,  a 
business  which  is  so  successfully  prosecuted  at  the  establishment  of 
Sir  Joseph  Whitworth,  Manchester,  England. 

The  Chairman.  How  can  the  Government  best  build  ships,  engines, 
and  boilers  f 

Mr.  BoWLAND.  I  am  decidedly  of  the  opinion  that  the  Government 
should  foster  and  develop,  in  private  establishments,  the  business  of 
naval  architecture,  marine  engineering,  and  kindred  sciences,  the  val- 
ues of  which  in  the  future,  as  in  the  past,  will  be  measured  by  the 
prominent  parts  they  play  in  the  preservation  of  the  nation's  honor. 
The  Government  should  patronize  the  people,  ottering  contracts  and  fur- 
nishing work  to  the  various  establishments,  thereby  maiutainin^^  what 
may  be  called  schools^  for  the  production  of  artisans  and  mechanics, 
whom  it  may  command  when  necessary,  and  in  no  case  should  it  go 
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abroad  to  prooiire  appliances  for  the  prodaction  of  eoginea  of  war  of  any 
deacriptioD,  if  it  be  possible  to  obtain  them  at  home.  Were  It  practi- 
cable for  the  Government,  in  its  varions  nayy-yards,  to  produce  eco- 
nomical work,  take  apprentices  to  the  bnsineas,  and  make  first-daas 
mechanics  for  fbtare  use,  it  would  doubtless  be  exceedingly  proper  to 
do  so,  utilizing  these  estabUshments  for  the  production  of  a  portion  of 
what  is  to  be  our  future  navy ;  but  in  that  case,  in  my  opinion,  not 
more  than  one-third  of  such  work  should  be  so  proportioned,  the  bal- 
ance being  given  to  private  citizens  who  are  willing  to  embark  their 
ability  and  capital  in  such  enterprises.  Thus  a  navy  would  be  pro- 
duced, education,  encouragement,  and  means  would  be  afforded,  to  tJie 
end  that,  in  addition  thereto,  a  mercantile  marine  would  probably  be 
established  which  would  be  creditable  to  the  nation,  and  the  spectacle 
of  an  American  steamer  bound  upon  an  offshore  voyage  would  cease 
to  be  a  novelty.  I  think,  however,  it  is  improbable  tiiat  the  navy- 
yards  of  the  country  will  be  able  to  compete,  in  score  of  excellence  and 
economy,  with  private  establishments  engaged  in  public  work,  while 
such  navy-yards  are  subjected  to  political  influences  which  make  it  im- 
possible to  obteAn  picJeed  workmen,  and  which  workmen,  under  present 
authority  of  law,  labor  fewer  hours  than  is  the  custom  to  require  of  work- 
men in  private  establishments.  Then,  again,  the  private  establishments 
have  the  advantage  (if  they  elect  to  assume  it)  of  taking  apprentices, 
keeping  them  through  a  term  of  years,  making  of  those  having  intelli- 
gence and  energy  first-class  and  reliable  mechanics,  who  eventually 
are  likely  to  identify  themselves  with,  and  become  permanent  compo- 
nents of,^he  establishment.  They  also  have  the  marked  advantage  of 
purchasing  material  as  low  as  or  lower  than  the  €k>vemment,  for  the 
reason  that  sellers  thereof  can  generally  arrange  with  private  pur- 
chasers to  more  readily  obtain  payment  for  their  goods  either  in  cash 
or  by  notes  to  meet  an  emergency. 

The  Ohatrkan.  Which  are  the  best  locations! 

Mr.  BowLAND.  I  have  never  considered  the  question  of  location,  for 
the  business  of  ship-building,  to  be  of  prime  importance,  provided  the 
same  be  on  the  Atlantic  coast,  within,  say,  three  hundred  miles  of  New 
York  City,  in  either  direction,  and  in  such  position  as  to  insure  protec- 
tion from,  and  be  easily  accessible  to,  the  waters  of  the  ocean. 

So  numerous  are  the  materials  which,  when  assembled,  form  the  com- 
pleted ship,  and  in  such  vast  quantities  do  these  materials  obtain  over 
a  large  area  of  this  country,  that  with  our  competitive  system  of  trans- 
portation, the  difference  of  the  cost  thereof,  at  points  more  or  less  dis- 
tant from  New  York  (within  the  limits  I  have  assumed),  is  of  minor 
significance.  In  my  opinion,  location  has  but  little  control  of  the  cost 
of  labor.  Upon  the  banks  of  the  Delaware,  as  at  New  York  and  the 
Bastern  States,  equally  skilled  mechanics  command  about  the  ^  same 
rate  of  wages  lor  similar  work.  Skilled  labor  demands  its  premium 
without  much  regard  to  location. 

I  should  adjudge  that  location  good  which  is  of  suflScient  area,  good 
native  soil,  contiguous  to  water  of  sufficient  depth,  and  not  too  distant 
from  some  seaport  dty. 

I  believe  that  success  is  within  the  attainment  of  the  master-builder 
and  constructing  engineer  if  he  be  endowed  with  ability,  energy,  gump- 
tion, and  tact,  even  though  the  business  be  transacted  at  what  might 
be  deemed  b€id  locations ;  and  in  contradistinction,  I  believe  that  without 
such  an  endowment,  mortification  and  failure  are  as  sure  to  follow,  re- 
gardless of  the  eligioility  and  convenience  of  location. 
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STATEMENT  OF  MB.  CHABLE8  H,  CBAMP. 

Philadelphia^  Pa.,  Niyoember  21, 1884. 

The  Ohaibman.  Please  state  your  name,  residence,  and  present  po- 
sition. 

Mr.  Obamp.  Charles  H.  Cramp,  president  of  the  firm  of  William 
Cramp  &  Sons,  Philadelphia,  Pa. 

Mr.  MoBaAK.  How  long  has  your  firm  been  engaged  in  the  ship-buUd- 
ing  business  f 

Mr.  Cbahp.  Abont  sixty  years.  My  father  founded  the  institution 
in  1826.  The  company  now  consists  of  his  five  sons,  who  have  all  been 
bred  to  the  profession  of  ship-building. 

Mr.  MoBGAK.  When  did  you  begin  to  build  iron  ships  f 

Mr.  Cbamp.  During  the  war. 

Mr.  MoBaAN.  What  .war  vessels  did  you  build  during  the  war! 

Mr.  Cbamp.  We  changed  into  a  cruiser  the  steamer  Union  that  was 
under  construction  at  our  yard  on  Spanish  account;  built  the  armored 
ship  New  Ironsides,  the  light-draught  monitor  Yazoo,  the  4,00U-ton 
cruiser  Chattanooga,  and  the  double-ender  Wyalusing.  We  also  built 
several  transports  tnat  were  sold  to  the  War  Department,  and  four 
transports  under  a  contract  with  the  Quartermaster-General. 

Mr.  MOBOAN.  Were  those  iron  or  steel  ships  f 

Mr.  Cbamp.  They  were  all  wooden  ships,  with  the  exception  of  the 
Tazoo,  which  was  iron. 

The  Chaibmak.  How  about  the  New  Ironsides  f 

Mr.  Cbamp.  She  was  an  armored  ship  with  wooden  hull.  She  carried 
an  armament  of  14  11-inch  smooth-bores,  and  2  8-inch  Parrott  rifles. 
She  was  a  broadside  ship. 

Mr.  MoBGAK.  What  war  ships  have  you  built  since  the  war! 

Mr.  Cbamp.  The  Terror. 

Mr.  MoBOAN.  Any  others  for  the  United  States  f 

Mr.  Cbamp.  No. 

Mr.  MoBGAN.  For  other  Governments f 

Mr.  Cbamp.  We  built  the  Europe  for  the  Bussians. 

Mr.  MoBGAN.  What  was  her  tonnage  f 

Mr.  Cbamp.  Her  displacement  was  3,000  tons.  We  also  built  the 
Zabiaca  of  1,200  tons  displacement,  and  altered  two  merchant  vessels 
into  cruisers.  One  was  the  Columbus  which  we  had  built  for  the  Ha- 
vana trade,  and  which  the  Eussiaus  renamed  the  Asia.  She  displaced 
about  2,800  tons.  The  other  was  the  Saratoga,  built  by  Mr.  Roach  for 
the  same  trade.  The  Bussians  named  her  the  Africa.  She  was  of 
about  3,000  tons  displacement. 
'     The  Chaibman.  Was  she  a  cruiser  f 

Mr.  Cbamp.  Yes ;  all  of  these  were  cruisers,  and  built  of  iron. 

The  CHAiBMAif.  Did  you  build  any  others  for  any  Government  f 

Mr.  Cbamp.  Just  after  the  Mexican  war  we  built  the  Liberetador  for 
the  Yeneznelan  Government. 

Mr.  MoBGAN.  What  steel  and  ii-on  ships  have  you  built  for  commerce 
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since  the  w»r ;  that  ik,  sincf^  yon  <u>uiiiieiiCiMl  coiiHtraciini;  nhipH  of  this 
description  t 

Mr.  Cramp.  Do  you  want  the  names  and  descriptions  of  them  ail  1 

Mr.  Morgan.  Are  they  numerous  ? 

Mr.  Cramp.  Quite  a  number. 

Mr.  Morgan.  About  how  many  have  you  built  f 

Mr.  Cramp.  I  will  give  a  list,  but  it  will  include  only  ocean-going  screw 
steamships.  We  have  built  a  good  many  small  craft,  such  as  tugs,  &c., 
small  yachts,  and  some  iron  side- wheel  steamboats,  besides  iron  sailing 
vessels,  and  some  wooden  ships,  both  sail  and  steam.  The  first  of  our 
iron  screw  steamships  was  the  Clyde,  built  in  1870.  She  was  1,182  tons. 
Next  was  the  George  W.  Clyde,  1,032  tons.  She  was  the  first  American 
steamship  fitted  with  the  independent  compound  engine.  At  the  time 
she  was  designed  there  was  but  one  foreign  vessel  coming  into  New  York 
with  a  compound  engine.  Then  came  the  four  ships  of  the  LiveriM>ol 
line:  the  Pennsylvania,  Ohio,  Indiana,  and  Illinois,  of  3,104  tons  each, 
and  built  in  1872-^73.  r^ext  was  the  Columbus,  1,583  tons,  which  I  have 
already  mentioned  as  having  been  bought  by  the  Russians  and  altered 
by  us  into  the  cruiser  Asia.  This  vessel  was  the  type  of  our  present 
iron  coasting  fleet.  By  the  way,  the  tonnage  given  in  this  list  is  regis 
tered  tonnage,  not  total  displacement.  Merchant  vessels  are  alwayt> 
(jlassed  according  to  their  register.  Only  menof-war  are  rated  by  dis- 
placement. Then,  in  1874,  we  built  the  screw  colliers  Beading,  HarriK- 
burg,  Lancaster,  Williamsport,  Allentown,  and  Pottsville,  of  1,283  tons 
each,  for  the  Beading  Bailroad  Company.  In  1875,  the  Saint  Paul,  900 
tons,  for  the  Alaska  Commercial  Company.  In  1879,  the  State  of  Cali- 
fornia, 2,266  tons,  for  the  Pacific  Coast  Steamship  Company.  In  1880, 
the  Chalmette,  2,983  tons,  for  the  Morgan  Line,  to  run  between  New 
York  and  New  Orleans.  At  this  time  we  also  built  the  Corsair  and 
Strangei;,  yachts  of  237  tons  each,  for  parties  in  New  York.  These  art' 
among  the  fastest  steam  yachts  in  the  world.  They  carry  engines  of 
more  than  2  indicated  horse  power  to  the  ton  of  displac<^ment.  In  1881 
we  built  the  Caracas,  of  1.589  tons,  for  the  Venezuelan  Line  of  New  York, 
Boulton,  Bliss  &  Co.  Also  four  iron  side-wheelers  for  the  Long  Branch, 
Coney  Island,  &c.,  passenger  traffic ;  owned  by  the  Iron  Steamboat 
Company  of  New  York.    Their  aggregate  tonnage  is  3,488  tons. 

In  the  same  year  we  built  the  Allegheny  and  Berkshire,  of  2,014  ton^ 
each,  for  the  Merchants'  and  Miners'  Transportation  Company  of  Balti 
more,  together  with  the  City  of  Puebla,  2,650  tons,  for  Alexandre's 
Havana  and  Mexican  Line. 

In  1882  we  built  the  Queen  of  the  Pacific,  2,727  tons,  for  the  Pacific 
Coast  Steamship  Company,  the  Valencia,  of  1,600  tons,  for  Boulton, 
Bliss  &  Co.,  and  the  Tacoma  and  San  Pedro,  3,100  tons  each,  for  th^ 
Central  Pacific  Bailroad  Company,  to  be  used  in  the  coast  trade  bo 
tween  San  Francisco  and  Oregon. 

In  1883  we  constructed  the  Mariposa  and  Alameda,  of  3,158  tons 
each  and  5,000  tons  displacement,  for  the  Sandwich  Island  trade.  These 
are  the  fastest  steamships  in  the  Pacific  Ocean. 

In  1884  we  built  the  San  Pablo  for  the  Central  Pacific,  and  the  Eu- 
reka, El  Paso,  and  El  Dorado,  of  3,531  tons  gross  register  and  6,152  , 
tons  displacement  each,  for  the  Morgan  Line,  New  York  and  New  Or- 
leans. Also  the  H.  F.  Dimock,  of  2,625  tons  register  and  4,420  tons 
displacement,  to  run  between  New  York  and  Boston,  outside  passage. 
She  is  the  fastest  vessel  on  the  Atlantic  coast.  At  this  time  we-are 
building  the  Philadelphia,  of  about  2,000  tons,  for  the  Venezuelan  Line. 
Boulton,  Bliss  &  Co. 
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The  San  Pablo  is  a  remarkable  ship.  She  is  of  3,110  tons  register 
and  aboat  6,100  tons  load  displacement.  Her  first  servioe  was  to  carry 
a  cargo  of  petroleum  and  dry  goods  from  New  York,  via  the  Suez 
Canal  to  Japan.  She  made  the  quickest  passage  on  record  from 
Gibraltar  to  Shanghai,  beating  the  celebrated  time  of  the  crack  Eng- 
lish ship  Strathmore  by  several  days.  She  logged  continuously  ove]| 
12  knots  an  hour,  and  produced  her  power  on  the  smallest  relative 
consumption  of  coal  on  record  in  those  seas.  This  was  the  more 
noteworthy,  as  it  was  done  with  new  engines  just  out  of  the  shop. 
Her  engineer  reported  that  she  did  not  heat  a  bearing.  1  am  ad- 
vised by  naval  oiflcers  who  saw  and  inspected  her  out  there  tbat 
she  was  admitted,  even  by  the  English  officers,  to.be  the  best  freight 
steamship  ever  sent  into  Chinese  waters.  I  learn  from  recent  European 
newspapers  that  the  Chinese  Government  is  trying  to  buy  her  for  con- 
version into  a  cruiser.  We  could  convert  her  into  a  cruiser  at  compara- 
tively small  cost,  She  is  the  fastest  ship  I  know  of,  considering  the 
relations  of  her  horse-power  to  her  tonnage.  It  is  proper  to  say  that 
she  made  her  great  run  from  Gibraltar  to  Shanghai  on  two  coalings, 
one  at  Suez  and  th^  other  at  Singapore ;  and  she  was  loaded  down  some 
8  inches  below  her  natural  load  line  at  that. 

The  large  vessels  we  have  lately  built  for  the  Morgan  Line  are  ex- 
ceptionally fine  ships.  They  would  be  of  immense  value  to  the  Govern- 
ment as  transports  in  case  of  war.  They  are  all  very  strong  ships  and 
are  fast  and  handy. 

To  sum  up,  we  have  built  since  the  war  thirty-two  iron  ocean-going 
merchant  vessels  having  a  total  tonnage  of  over  75,000  tons  register  and 
nearly  200,000  tons  displacement,  be^^ides  the  war  vessels,  steamboats, 
and  yachts  that  we  have  built.  In  these  ships  we  have  put  altogether 
over  55,000  indicated  horse-power  in  marine  engines,  all  compound  ex- 
cept that  of  the  Clyde,  built  in  1870,  and  not  one  of  these  engines  has 
ever  broken  down  or  become  disabled  by  reason  of  defects  in  material 
or  faults  of  workmanship.  That  is  substantially  the  record  of  our  firm 
in  modem  ship-building.  1  take  pleasure  in  submitting  it  to  the  com- 
mittee. If  it  would  be  of  interest  I  might  add  that  the  yacht  Atalanta, 
built  by  us  for  Mr.  Jay  Gould  in  1883,  of  568  tons  register  and  2,000 
horse-power,  made  last  August  the  fastest  four  hours'  run  ever  made  by 
any  screw-steamer  under  7,000  tons.  Her  time  was  at  the  rate  of  a 
seven-day  Atlantic  passage. 

Including  everything  that  we  have  launched,  large  and  small,  wood 
and  iron,  sailing  and  steam^  our  firm  has  built  245  vessels,  most  of 
which  are  now  in  active  service. 

Mr.  MoBGAN.  Are  any  of  these  vessels  steel  f 

Mr.  Cbamp.  No,  sir ;  they  are  all  iron. 

Mr.  MoKGAN.  Where  were  the  engines  built! 

Mr.  Cbamp.  We  built  all  of  the  engines  since  1870. 

Mr.  MoBOAN.  So  you  built  these  vessels  out  and  out  t 

Mr.  Gbahp.  Yes,  sir. 

Mr.  MoBGAK.  Have  you  built  any  steel  ships  at  all  f 

Mr.  Cbamp.  No  ;  the  hulls  are  all  of  iron,  but  we  have  built  a  great 
many  steel  boilers.  Most  of  the  latest  vessels  named  in  the  list  which 
I  have  furnished  the  committee  have  steel  boilers. 

Mr^  MoBGAN.  Where  did  this  iron  which  you  used  in  building  these 
ships  come  from  f 

Mr.  Cbamp.  The  great  bulk  of  it  was  made  in  Pennsylvania — in  Ooates- 
ville,  Beading,  and  Pottstown.    Some  of  it  came  from  Baltimore.    There 
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is  qnite  a  large  plate-mill  in  Baltimore,  but  it  is  not  running  very  profit- 
ably now. 

Mr.  MOROAN.  What  do  you  think  of  the  relative  advantages  in  the 
use  of  iron  and  steel  in  the  hull  of  a  ship  f 

Mr.  Grahp.  In  the  trade  the  term  '^iron-ship  building"  is  used  gen- 
irically  to  describe  all  metallic  ship  construction.  What  is  termed  steel 
in  connection  with  ship-building  is  technically  known  as  mild  steel,  and 
is  really  nothing  but  iron  developed,  in  certain  directions  of  quality  and 
property  by  certain  newly-discovered  processes,  to  a  higher  point  of  ex- 
cellence than  had  hitherto  been  attained  by  the  old-fashioned  methods 
of  puddling. 

This  demand  for'steel  began  in  England,  and  was  due  to  the  degen- 
eracy of  iron  which  had  b^n  caused  by  the  merciless  competition  of 
the  British  yards  to  produce  cheap  ships;  which  in  turn  excited  compe- 
tition among  the  rolling  mills  to  produce  cheap  iron.  To  protect  the 
ship-baiiding  interests  of  England,  the  present  laws,  PlimsoU  act,  and 
system  of  inspection  were  established.  By  a  coincidence  just  at  this 
time,  the  development  of  the  Siemens-Martin  process  began,  and  its 
product,  which  was  called  mild  steel,  being  so  much  more  uniform  in 
quality  than  the  grades  of  iron  that  had  b^n  used,  it  at  once  received 
the  patronage  of  Lloyds,  and  they  made  an  arbitrary  allowance  of  some 
15  per  cent,  in  its  favor. 

Mr.  Morgan.  What  would  be  the  difference  in  thickness  of  iron  and 
steel  plates  in  a  ship  of  3,000  tons  1 

Mr.  Cramp.  That  would  depend  upon  the  quality  of  the  material. 
The  following  are  the  Euglish  and  American  rules: 

Qualitj^  of  iron, 

ENGLISH.  AMSRICAM. 

To  be  of  a  good  malleable  quality,  ca-        To  be  of  the  best  brands,  tough  and 

Sable  of  withstanding  a  tensile  strain  of  malleable.    The  absolute  mean  breaking 

0  tons  per  square  incn  and  16  tons  across  strain  to  be  not  less  than  4d,000  pounds  to 

the  grain.    (See  page  6ii,  Lloyds.)  the  souare  inch,  and  all  plates  to  bend 

cold,  AC.    (See  paffe  56,  Reoord.) 
The  English  rule  is  based  unon  eleven        The  American  rules  are  a  modification, 

lengths  to  one  depth.    Beyonu  that  ves-  Sec,    (8ee  pase  47,  Record.)    For  more 

sels  are  called  ot  extreme  proportions,  than  twelve  depths  vessel  becomes  of  ex- 

which  see  Lloyds,  104.  cesslve  proportion. 

sua. 

Lloyd  allows  a  general  maximum  reduc^        Nothing  about  steel  in  American  rules, 
tion  of  20  per  cent.    (See  p.  120,  and  for 
tests,  p.  121,  Lloyds.) 

Mr.  Morgan.  What  thickness  would  you  make  the  plates  of  a  steel 
ship  if  you  were  going  to  build  a  powerful  ship  of  war,  had  plenty  of 
money  at  your  command,  and  wanted  to  build  a  ship  without  reference 
to  cost! 

Mr.  Cramp.  That  would  vary  with  i-egard  to  the  size  of  the  ship. 

Mr.  Morgan.  Say  one  of  4,000  tons  displacement. 

Mr.  Cramp.  A  great  deal  depends  on  how  strong  she  would  want  to 
be,  how  light  a  draught  she  was  to  have,  and  how  much  she  would  be  re* 
quired  to  carry.  It  would  depend  idtogether  on  the  purpose  for  which 
she  was  demanded. 

The  Chairman.  Take,  fbr  instance,  a  cruiser  fully  armed. 

Mr.  Cramp.  It  depends  a  great  deal  upon  the  relative  dimensions. 

The  Chairman.  Say  4,000  tons. 
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Mr.  Gbamp.  That  does  not  cover  the  ground.  One  ship  may  be  4,000 
tons,  and  very  long  and  narrow.  Another  may  be  short,  wide,  and  deep. 
There  is  so  mach  to  be  taken  into  consideration  when  yon  say  thickness. 
If  you  look  over  Lloyd's  requirements  for  iron  ships  you  will  find  for 
every  increase  of  relative  length  of  the  ship,  as  compared  with  other 
dimensions,  yon  have  to  increase  the  thickness  of  the  plates,  particu- 
larly at  the  points  of  greatest  strain.  In  order  to  say  what  thickness  of 
plates  I  would  put  on  a  4,000-ton  ship  I  would  have  to  know  her  dimen- 
sions, form,  and  general  structure,  and  for  what  purpose  she  was  in- 
tended. 

The  Chairman.  What  was  the  thickness  of  the  four  ships  you  built 
for  the  Philadelphia  and  Liverpool  linet 

Mr.  Oramp.  They  were  built  of  eleven-sixteenth  and  twelve-sixteenth 
plates,  with  shear  streaks  fourteen-sixteenths  thick.  But  since  that  time 
all  the  rules  have  altered  in  direction  of  thickness.  If  you  compare 
Lloyd's  requirements  of  1872  with  those  of  1882,  you  will  find  they  have 
increased  all  the  plate  thicknesses  over  20  per  cent,  for  the  same  dimen- 
sions of  ships,  besides  proportionately  augmenting  the  weight  of  frames. 

Mr.  Morgan.  Do  you  refer  to  steel  or  iron  1 

Mr.  Cramp.  Iron.  You  will  find  that  these  rules  vary,  as  I  said,  from 
time  to  time.  At  the  time  of  which  we  are  now  talking  there  were  no 
rules  for  anything  but  iron. 

Mr.  Morgan.  Where  did  you  get  the  steel  to  make  the  boilers  you 
referred  to  f 

Mr.  Cramp.  From  several  difierent  manufacturers;  mainly  from  Park 
Brothers  and  the  Spang  Iron  and  Steel  Company  of  Pittsburgh ;  the 
Norway  Works,  Boston;  and  the  Otis  Iron  and  Steel  Company  of  Cleve- 
land.   We  got  some  elsewhere,  but  in  small  quantities  only. 

Mr.  Morgan.  Did  you  use  any  foreign  steel  f 

Mr.  Cramp.  No,  sir ;  none  at  all. 

Mr.  Morgan.  How  have  these  boilers  stood  f 

Mr.  Cramp.  Magnificently. 

Mr.  Morgan.  You  would  say  that  American  steel  was  quite  adequate 
for  making  marine  boilers  t 

Mr.  Cramp.  Yes,  sir. 

Mr.  Morgan.  Have  you  found  any  difficulty  in  getting  a  sufficient 
supply  heretofore  ! 

Mr.  Cramp.  No^  sir;  the  only  trouble  was  the  price;  there  was  no 
trouble  about  getting  it  if  you  paid  for  it. 

Mr.  Morgan.  What  is  about  the  percentage  of  difference  in  cost  of 
building  an  iron  ship  here  and  on  the  Clyde  f 

Mr.  Cramp.  That  is  hard  to  say,  because  the  percentage  of  difference 
there  varies  very  much.  The  percentage  of  difference  in  prices  there 
would  be  from  25  to  30  per  cent.,  depending  altogether  on  who  builds 
the  vessel.  There  is  no  fixed  price  for  building  any  vessel  in  Scotland, 
or  in  this  country  at  this  time  on  account  of  the  extraordinary  dearth 
of  orders.    The  great  bulk  of  the  ship-yards  are  practically  closed. 

Mr.  Morgan.  Is  there  no  decided  advantage  in  favor  of  the  Ameri- 
can ship-builder  over  the  English  ship-builder  in  prices  f 

Mr.  Cramp.  That  is  a  difficult  question  to  answer  point-blank.  To 
answer  it  properly,  and  as  I  would  like  to  do,  would  require  an  essay. 
In  England  they  build  an  English  ship,  and  in  this  country  we  build 
an  American  ship.  If  you  were  to  compel  an .  Englishman  to  build  an 
American  ship  he  would  charge  as  much  as  we  do. 

Mr.  Morgan.  You  insist  that  the  American  ship  is  better  t 

Mr.  Cramp.  There  are  many  differences  in  the  methods  of  construe- 
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tion.  The  materials  of  the  American  8hip  average  better  OuQiighoat. 
The  workmanship  is  better.  The  outfit  is  more  complete.  The  accom- 
modations for  people  on  board,  crew  as  well  as  passengers,  are  far  su- 
perior. So  that,  on  the  whole,  an  American-built  ship  is  always  worth 
more  money  than  an  English-built  vessel  of  the  same  general  type. 

Mr.  MoBGAif.  Then  a  ship  built  on  the  American  style  would  be 
rather  more  exx>ensive  1 

Mr.  Gbamp.  Yes }  and  far  superior  to  the  English  ship.  I  can  take 
strong  ground  there. 

Mr.  Morgan.  Do  you  believe  that  you  could  duplicate  the  Oregon  f 

Mr.  Gbahp.  Yes;  and  duplicate  her  speed  and  sea- going  qualities. 

Mr.  MoBGAN.  Do  you  know  what  she  costf 

Mr.  Cbahp.  We  have  been  informed  that  she  cost  $1,680,000.  We 
would  like  to  build  her  duplicate  to-morrow  for  that  money. 

Mr.  MOBGAN.  Is  that  because  there  has  been  a  fall  in  the  price  of 
ship-building  since  the  Oregon  was  built,  or  because  you  think  you 
could  make  money  on  the  contract  at  the  same  rate  of  wages  that  ob- 
tained at  that  time  Y 

Mr.  Gbamp.  For  a  high  order  of  work  there  has  not  been  a  great 
difference  in  prices  between  us  and  the  English  ship -builders.  We 
would  be  glad  and  willing  to  build  at  the  rates  that  the  Gunard  people 
have  been  giving  for  their  ships.  They  always  give  big  prices  and  have 
the  best  builders.  We  would  like  to  fill  our  yard  with  the  sort  of  w6rk 
the  Elders  have  been  doing  for  the  Gunard  company  at  the  same  prices. 

Mr.  MoBGAN.  You  think  you  could  build  ships  equally  as  good  as 
theirs! 

Mr.  Gbamp.  Yes;  and  better  as  regards  accommodations  for  the 
comfort  of  those  on  board,  safety,  and  workmanship  generally. 

Mr.  Morgan.  You  feel  entirely  confident  that  you  could  build  ships 
equal  to  any  of  the  Gunard  line  ? 

Mr.  Gramp.  Yes.  We  made  the  offer  to  the  president  of  the  Gunard 
company,  Mr.  John  Burns.  He  visited  Mr.  Gould's  yacht  at  our  yard  and 
told  me  he  was  giving  $30,000  more  for  his  yacht  than  Mr.  Gould  was 
paying  for  his.  I  told  him  that  over  95  per  cent,  of  the  business  of  the 
Gunarders  had  been  derived  from  Americans,  and  that  it  would  be  a 
compliment  to  their  chief  patrons  to  build  one  of  their  new  ships  here. 
We  offered  to  duplicate  the  Servia  for  the  same  price,  and  guaranteed 
to  beat  her  time  across  the  ocean.  This  rather  startled  him,  and  he  said 
the  matter  had  never  been  presented  to  him  in  that  light.  But  he  took 
good  care  to  have  his  last  two  vessels  built  on  the  Glyde.  That  was  a 
bona  fide  offer  from  one  business  man  to  another.  He  wanted  new  ships, 
we  wanted  work,  and  every  proposition  I  made  meant  business.  Our 
firm  still  holds  that  offer  open  to  Mr.  Burns  or  to  anybody  else.  We 
will  undertake  at  any  time  to  duplicate  any  of  the  higher  classes  of 
English  work  at  English  prices. 

Mr.  Morgan.  Do  you  know  the  cost  of  the  English  iron-cladsf 

Mr.  Gramp.  No,  sir ;  not  in  detail.  I  have  all  the  data,  but  they  are 
among  my  papers  of  reference,  and  I  have  not  committed  them  to 
memory. 

Mr.  Morgan.  Do  you  think  you  could  duplicate  those  ships  I 

Mr.  Gramp.  Yes,  sir. 

Mr.  Morgan.  Where  would  you  get  the  armor-plates  f 

Mr.  Gramp.  Today,  we  would  have  to  get  the  armor-plating  abroad, 
but  I  am  satisfied  that  if  there  was  any  encouragement  given  to  people 
in  the  business  on  this  side  we  could  get  as  good  armor  plating  here  m 
abroad. 
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M».  MoEOAN,  It.  18  only  a  queAtiou  of  iiiachiuery,  T  HuppoBe. 

Mr.  Cramp.  No,  not  of  miMiUinery  alone ;  but  of  encouragement  to 
the  skill  which  is  among  us.  But  it  must  be  in  the  hands  of  somebody 
familiar  with  the  business  of  handling  large  masses  of  metal,  and  con- 
versant with  the  processes  of  fabrication. 

Mr.  Morgan.  If  the  United  States  should  give  orders  for  several  large 
ships,  duplicates  of  the  heavy  iron-clads  of  the  English  navy,  do  you 
think  that  they  could  be  built  here,  after  putting  up  the  necessary  plant 
and  machinery  f 

Mr.  Grahp.  We  would  not  have  to  put  up  any  additional  plant  to 
duplicate  the  ships  referred  to. 

Mr.  Morgan.  I  speak  of  armor-plates. 

Mr.  Cramp.  We  are  not  in  the  manufacture  of  armor-plates.  We  are 
ship  builders;  We  put  them  on,  but  it  is  not  the  province  of  any  ship- 
builder to  manufacture  armor-plates. 

Mr.  Morgan.  The  question  I  am  putting  is  whether  you  would  be 
willing  and  able  in  this  country  to  build  armored  ships  whicb  would  be 
duplicates  of  those  in  the  British  navy  at  the  same  price  as  that  govern- 
ment paid  for  them  f 

Mr.  Cramp.  We  would  not,  at  this  time,  if  compelled  to  get  extremely 
heavy  armor-plates  in  this  country  to  fill  ah  immediate  order.  Whether 
we  could  eventually  get  it  at  any  reasonable  figure,  would  depend  upon 
the  encouragement  which  the  policy  of  the  Government  might  give  to 
American  manufacturers.  You  must  remember  that  the  Government 
would  be  the  only  possible  customer  for  armor-plate,  and  it  would  re- 
quire large  brders  to  induce  investment  in  the  expensive  plant  required. 
Medium  weight,  say  under  ten  inches  thick,  could  be  produced  here 
very  soon,  if  there  was  any  demand.  Then  we  must  consider  the  con 
troversy  between  the  advocates  of  compound  armor  and  of  all  steel. 
1  find  that  the  Schneider  plates,  which  are  all  steel,  in  the  exi)erinients 
lately  at  Spezzia  and  also  at  Gavre,  stood  the  best  test  of  all  the  plates 
tested  at  that  time  ;  and  I  am  satisfied  that  as  good  plates  can  be  made 
in  this  country  as  the  Schneider  plates. 

Mr.  Morgan.  Suppose  armor-plates  could  be  furnished  as  cheaply 
here  and  as  good,  then  could  you  make  those  ships  as  cheap  here  as 
the  English  Government  got  theirs  ? 

Mr.  Cramp.  I  think  so. 

Mr.  Morgan.  The  making  of  the  armor-plating  is  the  only  difficulty 
not  provided  against  1 

Mr.  CRAiiP.  That  is  one  difficulty ;  but  I  do  not  see  why  the  Govern- 
ment should  insist  that  the  price  of  armor-plates  should  in  the  begin- 
ning be  the  same  here  as  abroad.  Competition  and  development 
would  naturally  bring  the  price  down. 

Mr.  Morgan.  But  the  only  difficulty  in  making  armor-plates  here  is 
because  we  are  not  provided  with  the  necessary  machinery  here  as 
abroad.  So  far  as  the  hull  and  equipment  are  concerned  do  you  think  you 
could  build  the  ships  as  cheaply  here  as  the  British  Government  can  t 

Mr.  Cramp.  Yes,  sir. 

Mr.  Morgan.  Yon  have  never  engaged  in  the  manufacture  of  steel, 
have  you  t 

Mr.  Cramp.  jS^o,  sir;  that  is  another  business  entirely.  It  is  a. great 
deal  better  for  people  to  excel  in  a  single  industry  than  to  be  sprawling 
about  in  a  desultory  manner  as  Jack-at-all-trades  and  master  of  none. 

Mr.  Morgan.  You  get  all  your  supplies,  both  of  steel  and  iron,  from 
other  parties  ? 

Mr.  Cramp.  Yes,  sir ;  and  at  much  better  advantage  than  by  attempt- 
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ing  to  make  them  ourselves.  T  regard  that  proposition  as  a  fimdamental 
nde  of  bosiness. 

Mr.  Morgan.  Where  were  the  heary  machine  tools  in  yoor  ship-yard 
madet 

Mr.  Cramp.  Mostly  in  Philadelphia.  Our  largest  planer  was  made 
at  Bridgewater,  Mass. 

Mr.  Morgan.  There  are  no  foreign  tools  in  your  yard,  therefore! 

Mr.  Cramp.  We  have  one  punch  which  waa  made  abroad. 

Mr.  Morgan.  Is  it  a  large  one  t 

Mr.  Cramp.  It  was  of  a  peculiar  pattern  which  we  needed^  and  we 
bought  it  because  we  wanted  such  a  tool  at  once,  and  could  not  wait  to 
have  it  made.  We  could  build  a  medium-sized  ship,  engines  and  all, 
while  such  a  punch  was  being  made. 

Mr.  Morgan.  Could  that  tool  be  duplicated  in  Philadelphia  f 

Mr.  Cramp.  Yes ;  I  have  no  doubt  of  it. 

Mr.  Morgan.  You  would  find  no  occasion,  then,  in  building  ships,  to 
go  abroad  for  the  machine  tools  f 

Mr.  Cramp.  Ko. 

Mr.  Morgan.  Aud  in  that  you  include,  of  course,  the  building  of  ma- 
rine engines  f 

Mr.  Cramp.  If  we  were  required  to  ftirnish  steel  shafting  of  large 
size,  with  solid  coupling,  we  might  have  to  go  abroad  for  them  for  some 
time  yet.  The  principle  that  I  have  already  stated  to  apply  to  armor- 
plate  applies  to  steel  shafting. 

Mr.  Morgan.  Why  is  that? 

Mr.  Cramp.  The  hammers  here  are  not  large  enough.  We  can  get 
plain  steel  shafting,  without  solid  coupling,  very  easily,  but  two  or  ibree 
firms  on  the  other  side  have  made  a  specialty  of  steel  shaftings,  with 
solid  coupling,  and  therefore  they  make  them  very  fine. 

Mr.  Morgan.  In  preparing  for  the  business  of  building  ships  is  it 
necessary  to  have  a  number  of  skilled  mechanics  t 

Mr.  Cramp.  That  is  indispensable. 

Mr.  Morgan.  A  great  deal  of  your  success  in  building  ships  would 
depend  upon  the  character  of  the  men  employed  in  your  works  t 

Mr.  Cramp.  Yes,  sir. 

Mr.  Morgan.  Have  you  in  your  employ  any  American  educated  ship- 
builders and  mechanics  f 

Mr.  Cramp.  We  have  some  first-class  mechanics  who  are  Americans. 
Most  of  our  best  mechanics  are  Americans. 

Mr.  Morgan.  Do  you  see  any  difference  in  the  methods  of  construc- 
tion, or  capacity  of  the  men,  to  the  detriment  of  Americans  in  the  Af- 
ferent classes  of  work  in  which  you  have  to  use  them  f  Are  the  Ameri- 
cans at  any  disadvantage,  as  compared  with  foreigners,  in  learning  all 
the  ways  of  shipbnildingf 

Mr.  Cramp.  No,  sir.  They  have  every  facility  in  this  country  that 
can  be  found  abroad,  and,  in  addition  to  that,  they  have  the  incentive 
of  better  wages,  and  the  encouragement  of  better  living  than  foreign 
mechanics. 

Mr.  Morgan.  Do  you  think  that  you  could  organize  in  your  ship- 
yard here,  for  the  purpose  of  building  steel  armor-plates,  a  force  of 
Americans  who  would  be  competent  for  the  business  t 

Mr.  Cramp.  No  ship-builder  anywhere  in  the  world  should  nnder- 
take  the  manufacture  of  armor-plate.    That  is  another  industry. 

Mr.  Morgan.  I  speak  now  of  the  skilled  men. 

Mr.  Cramp.  Oh,  yes. 
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Mr.  MoROAN.  Do  you  think  yon  coald  organize  a  force  of  men  com- 
petent to  do  the  work  in  building  a  steel  armored  ship  of  war  which 
would  be  composed  entirely  of  Americans  f 

Mr.  Orahp.  We  have  an  organization  of  that  kind  now,  so  far  as  the 
higher  order  of  skill  is  concerned.  Onr  common  laborers  now  are  largely 
foreign  or  imported. 

Mr.  Morgan.  Do  yon  mean  that  your  present  organization  is  com- 
posed entirely  of  Americans  t 

Mr.  Grahp.  They  form  the  foundation  of  our  present  organization. 
I  will  explain  in  this  way.  We  have  about  twenty-five  head  foremen ; 
they  have  subordiuate  foremen,  and  then  there  are  two  or  three  men 
under  each  of  them  whom  we  are  obliged  to  keep.  We  won't  let  them 
go.  You  can't  pick  them  up  after  you  let  them  go.  They  are  drilled, 
not  only  in  their  business,  but  in  our  usages,  and  know  how  to  conform 
to  our  peculiar  system.  We  have  our  own  system  of  doing  work,  as 
other  people  have  theirs.  Some  of  the  foremen  have  been  brought 
up  from  boyhood  with  us. 

Mr.  Morgan.  Then  I  understand  you  to  say  that  the  great  body  ot 
skilled  workmen  in  your  yard  are  Americans. 

Mr.  Cramp.  Yes,  sir.  , 

Mr.  Morgan.  And  you  would  find  no  difficulty  in  obtaining  Amer- 
cans  in  sufficient  numbers  with  sufficient  skill  t 

Mr.  Orahp.  None  whatever.  Give  us  the  work  to  do  and  we  will 
find  the  men. 

Mr.  Morgan.  The  point  I  am  trying  to  get  at  is  if  there  is  any  real 
necessity  of  going  abroad  for  workmen  to  build  steel  ships. 

Mr.  Grahp.  There  is  no  necessity  for  that.  We  could  organize  two 
or  three  establishments  out  of  our  own  yard. 

Mr.  Morgan.  You  mean  by  that  that  you  could  have  two  or  three 
ships  building  at  the  same  timet 

Mr.  Grahp.  No,  two  or  three  entire  establishments.  If  we  had  three 
large  ship-yards  in  hand  we  could  make  three  large  first-class  independ- 
ent establishments  out  of  our  own  force. 

Mr.  Morgan.  Any  event,  then,  that  would  break  up  this  organiza- 
tion, that  you  have  perfected  after  so  long  a  time,  would  be  injurious  to 
steel  and  iron  shipbuildingf 

Mr.  Grahp.  Yes ;  injurious  to  ship-building  and  ipjurious  to  Ameri- 
can industr3\ 

Mr.  Morgan.  And  injurious  to  the  ment 

Mr.  Grahp.  It  would  of  course  be  injurious  to  the  men  if  their  busi- 
ness was  destroyed.  Some  of  our  first-class  engineers  and  machinists 
could  get  work  at  other  places  and  on  other  classes  of  work,  but  not 
such  wages,  because  marine  engineering  is  the  finest,  most  difficult,  and 
most  perfect  of  all  engine  work.  The  compound  marine  condensing- 
engine  is  the  most  complete  of  all  engines,  and  the  most  of  our  men  are 
exceptionally  expert  and  very  efficient.  * 

Mr.  Morgan.  Where  is  the  Terror  nowf 

Mr.  Grahp.  At  our  wharf. 

Mr.  Morgan.  In  what  condition  f 

Mr.  Grahp.  Without  her  armament,  armor-plating,  or  turret. 

Mr.  Morgan.  Has  the  plan  for  the  turret  been  determined  f 

Mr.  Grahp.  I  do  not  know.  I  know  the  plans  have  been  made,  but 
whether  accepted  by  the  Board  or  not,  I  cannot  say. 

Mr.  Morgan.  What  is  the  draught  of  the  Terror? 

Mr.  Grahp.  The  mean  load  draught  of  the  Terror  is  13  feet  3  inches. 

Mr.  Morgan,  Is  her  hull  of  iro^  or  steel  f 
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Mr.  Orahp.  Iron ;  but  a  very  superior  kind  of  ircHi. 

Mr.  MoEaAN.  Is  she  a  strong  shipt 

Mr.  Orahp.  Yes,  as  strong  as  any  ships  that  I  have  seen  abroad,  of 
her  class.  I  have  seen  a  majority  of  the  iron-clads  abroad,  and  have 
examined  some  of  liiem  while  building. 

Mr.  Morgan.  Is  there  any  establishment  in  this  country  that  could 
make  the  armor-plating  for  the  Terror  f 

Mr.  Cramp.  It  has  not  been  determined  what  kind  she  is  to  have  yet. 
I  think  the  Moorheads  could  make  7-inch  plates.  They  could  roll  7-inch 
steel  plates  if  they  could  get  the  ingots.  It  is  my  understanding  that 
7-inch  armor  plates  could  be  made  now.  I  have  information  that  Park 
Brothers  have  undertaken  to  roll  a  test  plate  of  compound  steel,  13 
feet  9  inches  long,  44  inches  wide,  and  7  inches  thick. 

Mr.  Morgan.  That  is  as  high  as  they  could  go,  is  itf 

Mr.  Cramp.  I  do  not  know  about  that.  They  might  go  higher,  but 
within  a  year  I  am  satisfied  they  could  go  as  high  as  you  like,  if  you 
would  adopt  a  policy  that  would  guarantee  them  the  necessary  orders. 

Mr.  Morgan.  Why  do  yon  say  within  a  yeart 

Mr.  Cramp.  I  heard  the  Moorheads  say  four  or  five  years  ago  that 
they  cpuld  alter  their  mill  and  have  it  ready  in  less  than  a  year  to  roll 
large  plates  15  inches  thick.  But  my  information  about  the  capacity 
of  Park  Brothers  is  very  recent,  but  second-hand.  I  should  say  that 
the  Midvale  Works,  Park  Brothers,  the  Miller  Forge  Company,  of  Pitts- 
burgh ;  the  Paterson  Iron  Works,  of  Paterson,  N.  J.;  the  Otis  Works, 
the  Norway  Works — ^perhaps  six  or  seven  different  steel-forging  estab- 
lishments in  the  country — would  be  ready  to  undertake  to  supply  any 
demand  the  Government  might  make  in  the  direction  of  armor-plates, 
provided  they  were  guarant^d  sufficient  orders  to  make  it  worth  while 
to  ere<*.t  the  necessary  additional  plant. 

Lieutenant  Jaques.  Here  is  an  official  answer  to  your  question. 

l.—CfRCULAR. 

Navy  DKPARmNT. 
Washington,  June  20, 1864. 

Gbntlbmen  :  The  complotion  of  the  monitore  Puritan,  Amphi trite,  Monadnook,  and 
Terror  will  andoubtedly  be  authorized  by  CongreHS,  and  the  Department  U  therefoTP 
desiroae  of  obtaining  early  information  pertaining  to  the  armor-plates  for  the  abovt^ 
vesflelH,  and  requests  you  to  inform  it  whether  or  not  you  will  be  prepared  to  manu- 
facture such  armor  or  any  portion  thereof,  and  the  earliest  date  after  signing  a  con- 
tract at  which  you  can  deliver  the  same. 

llie  amount  of  armor  that  will  be  required  is  abont  3,000  tons,  and  it  will  be  required 
in  shape  suited  for  side  armor,  turret-plates,  smoke-pipe-plates,  and  Tentilator-plates. 
The  tluckoess  of  the  plates  will  vary  from  6  to  17  inches,  and  a  large  number  of  them 
will  be  tapered  in  form.  The  other  dimensions  will  vary  from  15  feet  to  24  feet  in 
length  and  from  6  feet  to  7  feet  in  width. 

J^  it  Is  desired  that  there  shall  be  the  freest  competition,  the  specifications  will 
admit  bids  for  either  all  steel  or  compound  armor,  and  this  preliminary  notioe  is  given 
so  that  the  Department  may  have  the  earliest  notice  of  the  probability  of  receiving 
bid's  frY)m  American  manufacturers. 

Each  bidder  will  probably  be  required  to  submit  with  his  bid  a  specimen  plate  7\ 
feet  square  and  of  the  maximum  thickness  which  he  proposes  to  fnrnish,  which  will 
be  tested  in  open  competition  according  to  the  method  that  may  be  presc«bed  for  ac- 
ceptance. 

Letters  of  inquiry  on  this  subject  will  be  promptly  answered. 

'      WM.  E.  CHANDLER, 

Seereiarff  of  tho'Nmop- 


ORDNANCE   AND   WAR   SHIPS.  383 

LIST  or  STEEL  WORKS  TO  WHICH  THIS  CIRCULAR  WAS 

Nashua  Iron  and  Steel  Company.  Nashua,  N.  H. 
Bridgewater  Iron  Company,  Bnclgewater,  Mass. 

•  Norway  Steel  and  Iron  works. 
Nay  lor  &,  Co.,  6  Oliver  street,  Boston,  Mass. 
'Albany  and  Rensselaer  Iron  and  Steel -Company,  Troy,  N.  Y. 
Newark  Steel  Works,  Newark,  N.  J. 
■  New  Jersey  Steel  and  Iron  Company,  Trenton,  N.  J. 

*  Midvale  Steel  Company,  Nicetown,  Philadelphia,  Ph. 
Bethlehem  Iron  Works,  Bethlehem,  Pa. 
Pennsylvania  Steel  Works,  Steelton,  Pa. 

•Standard  Steel  Works,  220  Sr>uth  Fourth  street,  Philadelphia,  Pa. 
Black  Diamond  Steel  Works. 
Park  Brothers  &  Co.,  Pittsburgh,  Pa. 

Edgar  Thomson  Steel  Works,  48  Fifth  avenue,  Pittsburgh,  Pa. 
•Pittsburgh  Steel  Works,  Pittsburgh,  Pa. 
Spang  Steel  and  iron  Company,  limited,  Pittsburgh,  Pa. 
Cambria  Iron  and  Steel  Works,  Johnstown,  Pa. 
•Tredegar  Iron  and  Steel  Works,  Richmond,  Va. 
•Cleveland  Rolling  Mill  Company,  Cleveland,  Ohio. 
*Otis  Iron  and  Steel  Works,  Cleveland,  Ohio. 
Portsmouth  Iron  and  Steel  Works,  Portsmouth,  Ohio. 
North  Chicago  Rolling  Mill  Company,  Chicago,  III. 
•Springfield  Iron  Company's  Iron  and  Steel  Woi'hk,  Springfield,  111. 


Noncay  Sieel  and  Iron  Company,  23  Mason  Building ^  Boston ^  June  23, 1884.—"  We  have 
ni>  means  of  rolling  the  armor-plates  referred  to  in  your  communication.'' 

•  The  Albany  and  lienhelaer  Iron  and  Sieel  Company y  Troy,  N.  Y.,  June  25,  1884.—**  We 
regret  that  our  plant  lacks  the  proper  facilities  for  turning  out  the  material  required, 
thei-efore  are  unable  to  submit  samples  for  testing  in  competition  with  others. 

The  Netv  Jersey  Sieel  and  Iron  Company,  Trenton,  N.  J.,  June  21, 1884. — **  Our  machin- 
ery and  plant  is  not  adapted  to  the  manufacture  of  armor-plate  of  the  dimensions  de- 
scribed, and  we  could  not  advantageously  undertake  to  manufacture." 

The  Midvale  Steel  Company,  Philadelphia,  June  24,  1884. — **  We  have  received  the 
Department's  circular  letter,  dated  June  20,  1884,  covering  an  inquiry  for  armor-plate 
for  the  monitors  Amphitrite.  Puritan,  Monadnock,  and  Terror,  contents  of  wbich have 
our  careful  attention.  Will  you  be  good  enough  to  inform  us  as  to  the  longest  time 
which  can  be  allowed  for  the  delivery  of  the  nrst  plate  f  We  desire  to  know  this, 
because  certain  preparations  would  be  necessary  before  we  could  undertake  any  such 
work." 

The  Standard  Steel  JToiA:*, *2*20  South  Fourth  street,  Philadelphia,  Pa.,  June2l,  1884.— 
**  We  are  in  receipt  of  your  favor  of  the  20th  instant,  asking  for  bids  on  armor-plate ; 
but  as  wo  are  not  manufacturers  of  the  article  we  shall  be  unable  to  comply  with 
yonr  request." 

Anderson,  DuPuy  4-  Co,,  Pittsburah  Steel  Works,  Pittsburgh,  Pa.,  June  27,  1884.—**  We 
beg  to  acknowledge  your  favor  of  inquiry  under  date  of  June  20,  with  reference  to 
armor-plates.  Replying  thereto,  we  beg  to  say  we  are  not  prepared  with  our  present 
machinery  to  handle  the  heavy  plates  necessary  under  this  call.  As  the  Department 
recently,  we  believe,  purchased  such  plates,  will  you  be  kind  enough  to  inform  us  of  the* 
approximate  market  charge  made  to  our  Government  by  the  foreigii  manufacturers 
of  this  class  of  steel  that  we  may  better  inform  ourselves  of  the  advisability  of  look- 
ing towards  its  manufacture  f  And,  further,  will  you  be  kind  enough  to  inform  us  as 
to  the  impression  of  our  Government  regarding  the  two  kinds  of  plate,  those  of  solid 
steel,  like  Messrs.  Schneiders,  or  the  compound  plates  as  made  by  the  £nglishf" 

The  Tredegar  Company,  June  24, 1884.—'*  This  company  is  not  prepared  to  make  armor- 
plates  of  the  dimensions  you  describe." 

Cleveland  Rolling  Mill  Company,  Cleveland,  Ohio,  June  25,  1884.—**  We  have  not  the 
plant  for  rolling  armor-plate  thick  enougli  for  the  purpose  named." 

•  Replied. 
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(Mi*  Ir^mand  SUd  Campanf^  CUwHamdf  Oltio^  Julf/  X,  1884.— <'  We  an  prapsnd  i 
plates  up  to  40  tons  in  weight,  but  cannot  roll  plates  over  2  inches  tmok.'' 

SpringfiM  Ir&n  Company,  SpHnglldd,  HI.,  July  18, 1884.—''  I  am  soirv  to  have  to  say 
that  we  have  no  rolls  at  present  heaTj  enough  to  make  the  kind  of  plates  which  yon 
will  reqnire.  Neither  do  we  at  present  contemplate  the  erection  of  snoh  a  train  of 
rolls." 

Pa&K,  BROTHEB  &.  Co.,  LUfTTED, 

PiUshurgk,  Fa,,  December  8, 1884. 
William  Metcalf,  Esq., 

City: 

Dear  Sir  :  We  are  in  receipt  of  yonr  favor  of  the  Gth  instant,  and  in  reply  would 
Bay    •    •    • 

We  can  roll  a  plate,  say,  110  inches  wide  by  dO  feet  long,  and  £rom  one-qnarter  inch 
up  to  li  inches  tliick. 
Yours,  truly, 

PABK,  BBOTHER  &,  CO.  {lAmUed,) 
WILLIAM  6.  PARE,  Ckairmam, 


replies  to  q0s8tiok8  of  steel  uanufacturbrs. 

Naval  Advisory  Board,  Navy  Department, 

Washington  City,  June  26, 1864. 
MnwALB  Steel  Company, 

333  Walnut  street,  Philadelphia  : 
Gentlemen:  Your  letter  of  24th  instant  relating  to  the  supply  of  armor-plates  has 
been  referred  to  this  Board  by  the  honorable  Secretary  of  the  Navy. 

It  is  the  opinion  of  the  Board  that  four  months  from  the  date  of  the  advertisement, 
which  will  be  issued  as  soon  as  an  appropriation  is  made,  is  the  longest  time  which 
can  be  allowed  for  the  delivery  of  the  test  plates. 
Very  respectfully, 

•    £.  SIMPSON, 
Sear-AdmM'dl,  U»  S,  N.,  President  of  a«  Board. 

Naval  Advisory  Board,  Navy  Depabtmxnt, 

Washington  aty,  July  I,  1884. 
Messrs.  Anderson,  DuPuy  &>  Co., 

PiHsburgh,  Pa.  : 
Dear  Sirs  :  Your  letter  of  27th  ultimo  has  been  referred  to  this  Board  by  the  hon- 
orable Secretary  of  the  Navy,  and  in  reply  we  have  the  honor  to  forward  a  copy  of 
the  report  of  the  Secretarv  of  the  Navy  for  1883,  in  which,  under  the  head  of 
«  armored  vessels,'^  you  will  find  the  prices  paid  for  the  turret  armor  of  the  Mianto- 
nomoh.  Senate  Ex.  Doc,  No.  144,  also  inclosed,  gives  further  information  on  the 
sujbject. 

The  Department  does  not  at  this  time  express  any  preference  for  all  steel  or  for 
compound  armor. 

Ifyou  deem  this  matter  of  sufBoient  interest  to  send  a  representative  of  your  firm 
to  Washington  I  shall  be  glad  to  famish  him  with  all  information  in  my  hands. 
Very  respectfully, 

£.  SIMPSON, 
Bear-Admiral,  U.  S.  K.,  President  of  iheBeisrd. 

Naval  Advisory  Boabd,  Navy  Depabtmsnt, 

Washington  City,  July  5,  1884. 
Ons  Iron  and  Steel  Company, 

Cleveland,  Ohio: 
Mr.  J.  K.  Bole: 

Dear  Sir  :  Your  letter  of  Ist  July,  in  reply  to  the  Department's  circular  of  20th 
ultimo,  has  been  referred  to  this  Board.    Will  vou  please  inform  the  Board,  in  ease 
proposals  for  armor  are  asked,  whether  you  will  submit  a  plan  for  test  or  not. 
Very  respectfully, 

£.  SIMPSON, 
Bear'Admiral,  V.  8.  N,,  Presidentof  the  Board. 

Nois. — ^No  reply  has  been  rsceiTed  to  the  last  letter. 
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Mr.  Morgan.  Does  that  refer  to  the  size  and  character  of  the  rolls  9 

Lieutenant  Jaques.  The  size  and  character  of  the  plates  were  indi- 
cated, bnt  the  kind  of  armor  was  not.  That  was  left  to  the  manufact- 
urer. 

Mr.  Morgan.  I  supposed  the  only  thing  necessary  would  be  larger 
rolls. 

Lieutenant  Jaques.  It  woald  take  longer  to  acquire  the  experience 
necessary  in  manufacturing  the  armor  than  to  construct  the  rolls. 

Mr.  Morgan.  You  mean  for  our  workmen  to  acquire  the  experience! 

Lieutenant  Jaques.  Yes,  sir. 

Mr.  Morgan.  If  we  could  import  workmen  from  foreign  countries, 
who  are  already  experience^,  we  could  get  rid  of  that  difficulty. 

Mr.  Cramp.  I  do  not  think  there  would  be  any  trouble  in  getting 
good  mechanics  abroad.  I  spent  some  time  in  British  ship-yards  and 
soon  picked  out  who  were  the  best  workmen  there  and  managed  to  get 
interviews  with  them.  I  asked  them  what  wages  they  were  getting, 
and  whether  they  would  like  to  go  to  the  United  States  if  they  could  get 
a  better  rate  of  wages.  In  every  case  they  said  they  would  be  very  glad 
to  come.  I  recollect  I  saw  a  man  bending  the  most  difficult  kind  of  steel 
plates.  I  found  that  man  was  only  getting  $1.75  a  day,  and  he  had  a  gang 
of  eight  men  under  him.  They  were  getting  a  dollar.  Now,  men  like  that 
in  our  yard  would  get  $3.50  and  $4  a  day.  I  found  every  time  I  have 
been  over  there,  in  the  course  of  the  last  ten  or  fifteen  years,  that  there 
would  be  no  trouble  in  getting  good  men. 

The  Chairman.  Mr.  Jaques,  you  may  ask  Mr.  Cramp  such  questions 
as  you  think  proper. 

Lieutenant  Jaques.  Mr.  Cramp,  are  your  steamship  shafts  now  all 
made  of  steel  or  of  iron? 

Mr.  Cramp.  Of  iron.  We  had  the  Tacoma's  and  the  San  Pedro's 
crank-shaftB  made  of  steel.    They  were  built-up  crank-shafts. 

Lieutenant  Jaques.    Who  forged  them  9 

Mr.  Cramp.  The  Midvale  Steel  Company. 

Lieutenant  Jaques.  Do  you  remember  the  weight  of  the  largest 
shaft  in  any  of  your  ships  f 

Mr.  Cramp.  I  think  these  crank-pins  were  16  inches  in  diameter.  But 
we  wanted  to  get  the  long  sectiotis  of  the  shafts.  We  would  have  put 
all-steel  shafts  in  those  two  steamships  if  we  could  have  got  them  forged 
with  solid  couplings  in  this  country.  We  went  to  all  the  steel  estab- 
lishments in  the  United  States,  and  none  of  them  would  undertake  to 
forge  a  shaft  with  solid  couplings.  The  crankshafts,  with  solid  coup- 
lings, made  at  Midvale,  were  in  short  pieces ;  bnt,  of  course,  being 
crankshafts,  they  were  short,  and  did  not  require  the  handling  of  such 
large  ingots  as  the  long  sections  would  have  required. 

Lieutenant  Jaques.  Are  you  enlarging  your  present  plant  or  are  you 
liable  to  do  so  ? 

Mr.  Cramp.  No,  sir ;  we  have  a  very  large  plant  now.  If  we  get  a 
particularly  large  contract  the  enlargement  of  our  plant  would  be  a 
matter  of  no  moment,  merely  the  addition  of  a  few  more  small  tools. 

Lieutenant  Jaques.  What  is  the  best  system  or  method  of  providing 
facilities  for  building  war-ships!  Do  you  think  it  more  economical  to 
build  them  in  navy-yards  than  in  private  ship-yards  f 

Mr.  Cramp.  It  is  a  great  deal  more  economical  to  build  them  in  pri- 
vate than  in  Government  yards. 

Lieutenant  Jaques.  Which  do  you  consider  the  best  locations  for 
ship-building? 

4953  or 25 
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Mr.  Gbaj&ip.  Ship-yards  oaght  to  be  near  large  cities,  where  an  aban- 
dance  of  labor  can  be  secnred  very  easily.  But  it  shoald  always  be 
taken  into  consideration  that  there  mast  be  sufficient  depth  of  water  in 
the  harbor. 

Lieutenant  Jaques.  I  think  you  can  make  that  a  little  more  explicit, 
taking  into  account  supplies,  coal^  &c. 

Mr.  Cramp.  You  can  get  supplies  and  coal  in  New  York  as  cheap  as 
in  Philadelphia,  but  it  is  more  expensive  and  more  troublesome  to 
handle;  I  would  never  advise  New  York  as  a  place  to  start  any  kind  of 
a  large  manufacturing  establishment. 

Lieutenant  Jaques.  Why  not  f 

Mr.  Cramp.  For  several  reasons.  For  example,  the  character  of  the 
workmen  is  not  so  good,  and  they  are  not  so  easily  handled  as  in  some 
other  localities ;  wages  are  higher,  and  the  real  estate  on  which  a  yard 
would  stand  would  be  very  expensive.  The  Delaware  Biver  is  the  best 
adapted  river  in  the  United  States.  Baltimore  would  be  a  very  good 
place,  but  the  men  there  are  very  troublesome.  They  are  nearly  all  for- 
eigners, and  not  very  good  workmen.  Baltimore  is  a  place  where  mate- 
rial is  as  cheap  as  on  the  Delaware,  but  it  would  not  be  so  easy  for  us 
to  build  ships  in  Baltimore  as  in  Philadelphia ;  still  they  could  be  bnilt 
there. 

Lieutenant  Jaques.  My  question  included  a  consideration  of  all  those 
points — skilled  labor,  proximity  of  material,  advantages  of  site,  &c. 

Mr.  Cbamp.  Baltimore  fills  all  those  conditions,  except  skilled  labor. 
With  a  good  organization,  however,  you  can  always  get  skilled  labor  to 
go  from  one  city  to  another  in  this  country,  not  more  than  fifty  or  one 
hundred  miles  apart.  And  if  men  know  that  your  establishment  is  going 
to  be  permanent  and  liable  to  last  for  years,  they  will  go  and  live  near  it 

Lieutenant  Jaques.  Then  you  believe  Baltimore  to  be  as  suitable  as 
any  place  on  the  Delaware  Biver  f 

Mr.  Cbamp.  No.  Philadelphia  is  filled  with  skilled  workmen,  of  su- 
perior character  and  habits.  When  speaking  of  the  possibilities  of 
Baltimore  and  otlier  places,  it  must  always  1^  understood  that  they 
are  not  to  be  mentioned  as  rivals  to  Philadelphia:  only  secondary. 

Lieutenant  Jaques.  Then  you  regard  Philadelphia  and  its  vicinity 
superior  to  all  other  locations! 

Mr.  Cbamp.  Certainly.  But  notwithstanding  all  the  natural  and  ar- 
tificial advantages  of  the  Delaware  Biver  for  ship-building  enterprises, 
the  location  of  a  Government  constructing  yanl  anywhere  along  its 
waters  would  inevitably  ruin  the  entire  system  of  private  yards  t£ere. 
This  comprehends  the  whole  river.  If  they  were  to  start  ship-building 
at  the  League  Island  yard,  it  would  be  equivalent  to  blowing  up  the 
yards  at  Philadelphia,  Camden,  Chester,  and  Wilmington. 

The  Chaibman.  Is  that  because  of  the  eight-hour  law! 

Mr.  Cbamp.  Not  only  that.  The  men  in  Government  employ  feel 
that  they  are  not  expected  to  work,  and  they  don't  work  as  they  are 
wont  to  do  when  in  private  employ.  They  only  go  through  the  motions. 
That  is  not  the  fault  of  the  men,  but  of  the  system,  and  it  can't  be  rem- 
edied. It  is  traditional.  A  navy-yard  must  always  employ  four  or  five 
times  more  labor,  to  accomplish  a  given  result,  than  a  private  yard 
would  employ,  and  at  proportionate  cost. 

Mr.  MoBaAN.  You  consider  the  Government  a  dangerous  rival,  then. 

Mr.  Cbamp.  I  would  not  consider  it  a  matter  of  business  rivalry.  It 
would  be  a  species  of  hostile  invasion.  At  all  events,  it  would  be  a 
direct  attack,  by  the  Government,  upon  a  single  industry.  The  ship- 
building industry  on  the  Delaware  has  grown  up  in  spite  of  the  neglect 
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of  the  Government.  Whatever  may  have  been  past  x>olicy,  it  cannot 
be  maintained  that  the  Government  has  ever  done  anything  to  foster 
the  ship-boilding  industry  that  has  grown  up  on  the  Delaware.  l%e 
ship-bmlders  there  have  gone  on  investing  millions  in  plant,  and  by 
years  of  patient  care  and  tireless  energy  have  perfected  the  complex 
and  difftcult  organisations  of  men  and  material,  of  skill  and  enterprise, 
of  moscle  and  machinery,  that  go  to  make  up  a  modern  ship-yard.  And 
now  is  the  Government  to  come  in,  with  its  colossal  resources  in  money 
and  power,  to  break  up  these  organizations,  demoralize  our  forces,  and 
avail  itself  of  the  skill  that  we  have  trained  and  the  aptitudes  that  we 
have  developed  f  I  think  it  ought  to  be  a  settled  principle  and  a  con- 
sistent doctrine  in  the  conduct  of  public  aftairs  that  the  Government 
has  no  right,  no  moral  right  I  mean,  to  engage  in  any  manufacturing 
industry  on  its  own  account;  but  to  depend  wholly  on  the  resources  of 
its  citizens.  This  is  my  conception  of  what  should  be  the  true  policy  of 
a  free  country  with  respect  to  industrial  affairs. 

The  Chairman.  You  would  not  mind  any  other  private  yard  on  the 
Delaware,  would  youf 

Mr.  Gramp.  Ko.  That  is  legitimate  competition,  whidi  is  a  part  of 
business,  and  for  which  we  are  always  prepared. 

The  Chairman.  I  presume  it  is  like  any  other  manufacturing  busi- 
ness. Take,  for  instance,  my  State.  You  start  a  branch  of  manufact- 
ure there.  They  do  not  mind  if  there  are  ten  establishments  in  the 
same  town. 

Mr.  Morgan.  I  understand  that  Philadelphia  has  a  very  large  class 
of  artisans,  and  that  the  mechanical  classes  are  well  provided  with 
homes  t 

Mr.  Cramp.  Yes,  sir.  There  can  be  no  doubt  that  a  greater  propor- 
tion of  workingmen  in  Philadelphia_own  their  homes  than  in  any  other 
industrial  center  in  the  world,  and  that  they  live  in  a  state  of  greater 
comfort  and  happiness  than  is  the  case  anywhere  else.  The  condition 
of  the  Philadelphia  workingmen  is  often  made  a  theme  of  admiration 
in  the  works  of  social  economists. 

Mr.  Morgan.  Do  you  know  of  any  other  place  in  the  United  States 
where  the  mechanics  are  as  well  cared  for  as  in  Philadelphia  t 

Mr.  Cramp.  No,  sir. 

Mr.  Morgan.  It  is  the  boast  of  the  city,  is  it  not  t 

Mr.  Cramp.  Yes,  sir. 
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STATEMENT  OF  MB.  OEOBOE  H.  ROBINSON. 

New  Yobk,  Febrwxry  5, 1885. 

The  OhaIbman.  Please  state  yonr  name  and  present  position. 

Mr.  BoBiNSON.  George  H.  Bobinson;  member  of  tlie  Arm  of  C.  H. 
De  Lamater  &  Go. 

The  Chairman,  flave  yon,  at  any  time,  been  requested  by  the  Gk>r- 
ernment  to  build  ships,  engines,  and  boilers  t 

Mr.  BosmsoN.  Yes;  and  made  bids. 

The  Chairman.  What  is  the  capacity  of  your  works  to  build  ships, 
engines,  and  boilers) 

Mr.  Bobinson.  Our  capacity  for  making  engines  and  boilers  is  equal 
to  any  establi^ment  in  the  United  States.  To  build  ships,  we  haye  not 
suitable  ground  space. 

The  Chairman.  Please  name  the  vessels  of  war,  engines  and  boilers 
for  the  same,  that  you  have  built  for  the  €k>vernment. 

Mr.  Bobinson.  1  mention  the  following  as  some  of  the  most  important 
engine* work  we  have  done:  We  built  the  machinery  for  the  originsJ 
Monitor,  which  was  built  by  the  De  Lamater  Iron  Works  in  ninety 
days  from  the  time  of  signing  the  contract.  The  Dictator  we  built 
entire,  both  the  hull  and  the  machinery;  also  the  following  monitors: 
Passaic,  Montauk,  Catskill,  Kalamazoo,  and  Passaoonaway ;  we  built  the 
entire  machinery  for  the  Stevens  Battery ;  in  1869  we  built  thirty  gun- 
boats for  the  Spanish  Government,  which  boats  each  carried  a  100-ponnd 
Parrott  gun ;  these  boats  we  built  under  contract  in  thirty  weeks,  build- 
ing them  entirely  at  our  works.  We  speak  of  this  contract  and  of  the 
monitors  to  evidence  our  capacity  for  doing  work,  and  doing  the  same  in 
quick  time.  We  built  two  steamers  for  the  Japanese  Government,  the 
Kuroda  and  the  Capron,  in  1873,  and  we  have  built,  as  the  De  Lamater 
Iron  Works,  two  hundred  and  forty-eight  marine  engines. 

The  Chairman.  Are  you  enlarging  your  plants 

Mr.  Bobinson.  No. 

The  Chairman.  Have  you  any  tools  and  implements  for  the  manu- 
facture of  guns  similar  to  those  mentioned  in  the  Gun  Foundry  Board's 
Beport,  pages  40  to  449  Can  you  manufacture  such  tools,  equal  in 
power  and  feed,  at  the  cost  stated  therein;  and  how  much  time  would 
you  require  to  nimish  them  f 

Mr.  Bobinson.  We  are  compelled  to  say  that  while  we  have  the 
capacity  to  build  the  tools,  we  have  not  the  information  that  would 
warrant  us  in  giving  a  price  for  the  same  or  the  time  required  to  build 
them. 

The  Chairman.  How  can  the  Government  best  build  ships  (whether 
wholly  in  Government  works,  or  partly  in  such  works  and  partly  by 
contracts  with  private  builders,  or  wholly  in  private  yards))  In  case 
of  divided  labors,  how  should  the  division  be  made! 

Mr.  Bobinson,  I  believe  that  the  Government  can  be  best  served  by 
building  its  vessels  of  war  entirely  in  private  yards  and  with  privat^> 
engine-builders.  I  do  not  see  where  any  advantage  can  accrue  to  t^e 
Government  in  building  its  own  ships  in  the  navy-yards«    My  reasons 
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are  based  apon  the  fact  that  the  work  can  be  constracted  at  less  ex- 
pense to  the  Govemment  and  in  shorter  tune.  The  rates  of  wages  paid 
in  the  navy-yards  are  higher  than  those  paid  by  private  parties.  We 
work  25  per  cent,  more  hours  during  a  day,  and  I  believe  that  more 
work  is  done  in  the  same  time  by  workmen  in  private  yards.  There  is 
every  incentive  to  see  that  the  most  is  produced  that  can  be  produced, 
and  this  cannot  be  the  case  in  a  Government  yard  where  the  interest 
of  the  workman  is  only  in  a  small  way  identical  with  that  of  the  em- 
ployer. If  we,  as  private  individuals,  are  successful  it  means  good 
employment  for  our  workmen.  The  experience  of  all  establishments 
shows  that  those  concerns  that  do  the  best  work  in  the  shortest  time 
are  the  concerns  that  are  always  busiest.  Prom  the  very  nature  of  the 
case,  the  workmen  in  navy-yards  *'spin"  out  whatever  work  they  may 
have  in  hand.  I  do  not  wish  to  be  understood  as  criticising  any  indi- 
vidual management,  but  I  know  what  takes  place  in  my  own  establish- 
ment in  dull  times  and  what  I  have  to  guard  against,  and  I  do  not  be- 
lieve that  the  same  reasons  can  weigh  in  the  navy -yards  that  weigh 
with  me  individually. 

Another  ground  for  my  belief  is,  without  going  into  details  which  I 
could  furnish  if  required,  the  fact  that  England,  with  all  of  her  well- 
equipped  navy-yards,  has  for  years  constructiCd  all  of  her  ships  of  war 
in  private  yards.  This  was  done  after  faithful  trials,  and  England  still 
pursues  the  same  policy.* 

The  Chairman.  Give  an  opinion  of  the  comparative  cost  of  these 
merhods. 

Mr.  EoBiNSON.  I  believe  that  either  ships  entire  or  the  motive  power 
for  same  can  be  built  to-day  for  fully  20  per  cent,  less  in  private  yards 
than  they  can  be  built  in  the  Government  navy -yards. 

The  Chairman.  Which  are  the  best  locations! 

Mr.  EoBiNSON.  I  believe  that  the  port  of  New  York  is  as  good  a  loca- 
tion for  the  building  of  ships  or  the  machinery  for  same  as  can  be  found 
in  the  United  States.  In  New  York  City  land  is  too  valuable  to  be  used 
for  ship-yards,  but  the  establishments  in  New  York  City  fitted  to  pro- 
duce the  heaviest  machinery  for  Government  vessels  can  turn  the  same 
aut  at  a  lower  price  than  establishments  located  at  any  other  points  in 
the  United  States.  New  York  is  the  center  for  materials  and  labor,  and 
they  can  always  be  had  in  New  York  as  reasonably  as  at  any  other 
place  that  I  am  aware  of.  There  are  a  number  of  locations  around  the 
harbor  of  New  York  where  land  can  be  had  and  where,  I  believe,  ship- 
yards could  be  maintained  to  as  good  advantage  as  in  any  location  the 
United  States  affords. 


*  See  page  103  ei  seq,    (Chairman.) 


STATEMENT  OF  MB.  JOHN  R.  DIALOGUE, 

Camden,  N.  J.,  Navvmber  5, 1885. 

The  Ghjubman.  Please  state  your  name,  residence,  and  present  po- 
sition. 

Mr.  Dialogue.  John  H.  Dialogue^  proprietorof  my  engineering  and 
ship-building  yard,  Camden,  IT.  J. 

The  Chairman.  Have  you  at  any  time  been  requested  by  the  Gov- 
ernment to  build  ships,  engines,  or  boilers  f 

Mr.  Dialogue.  I  have. 

The  Chairman.  What  is  the  capacity  of  your  works  to  build  ships, 
engines,  and  boilers  t 

Mr.  Dialogue.  With  my  present  facilities  about  four  complete  freight 
ships  of  £rom  2,000  to  2,500  tons  each,  provided  the  entire  work  is  to  be 
performed  in  my  own  yard ;  but  have  capacity  and  facilities  to  build  a 
larger  number  if  parts  of  the  work  are  sublet,  which  method  some 
ship-builders  follow.  The  works  embrace  2,000  feet  front  on  Delaware 
Biver,  with  28  feet  depth  of  water  at  piers,  and  comprise  offices,  mold 
loft,  pattern  and  joiner  shops;  foundry,  with  20-ton  crane,  cupolas, 
ovens,  and  suitable  pit;  machine  shop,  containing  25-ton  crane,  planers, 
drills,  36-inch,  48- inch,  and  60-inch  lathes ;  boiler  shop,  with  its  punches 
and  shears;  steam-riveter;  steam  forge -of  small  hammers;  well-built 
shed,  containing  plate  planers,  angle-iron  and  plate  furnaces,  bending 
rolls,  punches,  and  shears ;  and  boilers  and  engines  of  adequate  power. 
I  make  all  my  own  patterns,  joiner  work,  ordinary  forgings,  brass  and 
iron  castings ;  build  the  hulls ;  finish  complete  the  engines  and  boilers, 
and  put  them  in,  and  finish  everything  ready  for  sea.  I  have  employed 
700  men  in  this  yard,  and  could  now  employ  1,000  without  increasing 
my  facilities.  If  it  were  required,  I  could  furnish  tools  and  machinery 
in  all  the  departments  for  a  much  larger  number. 

The  Chairman,  Have  you  ever  buDt  any  vessels  of  war,  or  engines 
or  boilers  for  the  same  f 

Mr.  Dialogue.  I  have. 

The  Chairman.  What  war  vessels  did  you  build  during  the  warf 

Mr.  Dialogue.  The  bulls  of  the  United  States  steamer  Monocacy 
and  the  monitor  Warsaw. 

The  Chairman.  Were  they  iron  or  steel  ships  t 

Mr.  Dialogue.  Iron. 

The  Chairman.  Are  you  enlarging  your  plant  t 

Mr.  Dialogue.  I  am. 

The  Chairman.  What  are  the  comparative  advantages  and  disadvan- 
tages of  the  two  systems  of  forging,  steam  hammer  and  hydraulic pressf 

Mr.  Dialogue.  From  my  own  personal  experience  I  cannot  say,  but 
prefer  the  steam  hammer  tor  forging  iron  and  the  hydraulic  press  for 
steel. 

The  Chairman.  How  can  the  Government  best  build  ships,  engines, 
and  boilers  (whether  wholly  in  Government  works,  or  partly  in  such 
works  and  partly  by  contracts  with  private  builders,  or  wholly  in  pri- 
vate yards)  f    In  case  of  divided  labors  how  should  the  division  be  made  ? 

390 
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Mr.  Dialogue.  I  am  of  the  opiuion  that  they  should  be  built  entirely 
in  private  works  by  contract:  and  that  estimates  should  be  agreed  upon 
in  the  same  manner  as  when  contracts  are  made  by  individuals ;  there 
should  be  supervision  of  workmanship  and  quality  of  materials ;  there 
should  be  no  radical  changes  in  the  plans  after  they  have  been  adopted 
and  agreed  upon ;  and  no  more  burdensome  terms  should  be  exacted 
from  contractors  by  the  Government  than  one  private  individual  would 
demand  from  another. 

The  Chairman.  Oive  an  opinion  of  the  comparative  cost  of  the 
methods  cited  in  the  last  question. 

Mr.  DiALOQ-UE.  I  estimate  that  it  will  cost  twice  as  much  to  build  a 
vessel  in  a  Government  yard  as  it  will  in  a  private  one.  And  further, 
that  the  Government  will  have  to  pay  contractors  a  very  much  larger 
price  for  work  done  than  private  parties  pay  each  other  until  the  Gov- 
ernment treats  the  contractors  the  same  as  private  individuals  do.  If 
it  will  do  this,  there  is  no  reason  why  the  Government  should  not  get 
its  work  at  the  same  rate  as  private  parties,  and  enjoy  the  benefits  re- 
sulting from  their  experience,  skill,  and  competition. 

The  Chairman.  Which  do  you  consider  are  the  best  locations  for 
building  ships) 

Mr.  Dialogue.  The  yards  on  the  Delaware  Biver  between  Philadel- 
phia and  Wilmington. 

The  Chairman.  How  long  has  your  firm  been  in  the  ship-building 
business) 

Mr.  DiALOGTTE.  I  have  been  a  member  of  firms  in  the  same  locality 
for  twenty-five  years. 

The  Chairman.  When  did  you  begin  to  build  '..   '^  ships! 

Mr.  Dialogue.  I  built  the  monitor  and  the  gunboai  in  1862.  I  built 
the  first  vessel  for  the  Treasury  Department  in  1870. 

The  Chairman.  Where  did  this  iron  come  from  which  you  used  in 
building  these  ships  t 

Mr.  Dialogue.  That  for  the  monitor  and  the  gunboat  came  from  Bal- 
timore; the  rist  came  from  Pennsylvania. 

The  Chairman.  What  do  you  think  of  the  relative  advantages  in 
the  use  of  iron  and  steel  in  the  hull  of  a  ship  t 

Mr.  Dialogue.  For  portions  of  the  ship  I  prefer  steel,  provided  it  is 
of  the  same  thickness,  but  I  prefer  iron,  if  a  reduction  in  thickness  is 
made  in  the  steel  to  correspond  with  the  increased  tensile  strength  of 
steel  over  iron. 

The  Chairman.  What  would  be  the  difference  in  thickness  of  iron 
and  steel  plates  in  a  ship  of  3,000  tonst 

Mr.  Dialogue.  The  steel  would  be  20  per  cent,  lighter. 

The  Chairman.  Where  did  you  get  the  steel  to  make  the  boilers  you 
referred  tot 

Mr.  Dialogue.  Most  of  the  steel  was  made  at  Pittsburgh ;  a  large 
amount  came  firom  Coatsville ;  and  some  from  Chester,  Pa. 

The  Chairman.  What  is  about  the  percentage  of  difference  in  the 
cost  of  building  an  iron  ship  here  and  on  the  Clyde  t 

Mr.  Dialogue.  That  depends  upon  the  character  of  the  ship ;  prob- 
ably 30  i>er  cent,  on  ordinary  freight  ships,  and  about  18  per  cent,  on 
first-class  freight  and  passenger  vessels  in  favor  of  the  Clyde. 

The  Chairman.  Have  you  built  any  steel  ships  ? 

Mr.  Dialogue.  No. 

The  Chairman.  Do  you  believe  that  you  could  duplicate  the  Ore- 
gon t 

Mr.  Dialogue.  Yes ;  with  three  months'  preparation. 
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The  Chairman.  Do  you  know  the  cost  of  the  EngliBh  iron-cladsT 

Mr.  Dialogue.  Only  from  what  I  have  read. 

The  Chairman.  Do  yon  think  yoa  coald  duplicate  those  ships  t 

Mr.  Dialogue.  Yes;  but  would  require  several  months'  preparation. 
I  have  yard  and  water  facilities^  but  1  would  require  some  special  tools. 

The  Chairman.  Where  would  you  get  the  armor  plates  f 

Mr.  Dialogue.  In  this  country. 

The  Chairman.  Please  specify  the  rolling-mills  or  forges  capable  of 
making  steel  plates  of  dimensions  now  required  by  foreign  Govern- 
ments for  their  armored  ships. 

Mr.  Dialogue.  Messrs.  Park  Bros.,  of  Pittsburgh,  will  prepare  to 
furnish  them  in  six  months,  or  as  soon  as  the  vessel  requires  them. 

The  Chairman.  If  the  United  States  should  give  orders  for  several 
large  ships,  duplicates  of  the  heavy  ironclads  of  the  English  navy,  do 
you  think  that  they  could  be  built  here,  after  putting  up  the  necessary 
plant  and  machinery — armored  ships,  which  would  be  duplicates  of 
those  in  the  British  navy — at  the  same  price  as  that  Grovernment  paid 
for  them  f 

Mr.  Dialogue.  They  could  be  built  here  at  a  slight  increase  in  cost. 

The  Chairman.  Suppose  armor  plates  could  be  furnished  as  cheaply 
here,  and  as  good,  could  you  build  similar  ships  as  cheaply  here  as  the 
English  Government  got  theirs  f 

Mr.  Dialogue.  No  ;  not  quite. 

The  Chairman.  Have  you  ever  engaged  in  the  manufacture  of  steel! 

Mr.  Dialogue.  No. 

The  Chairman.  Where  were  the  heavy  machine  tools  in  your  ship- 
yard madet 

Mr.  Dialogue.  Principally  in  Philadelphia. 

The  Chairman.  Are  there  any  foreign  tools  in  your  yard  t 

Mr.  Dialogue.  None. 

The  Chairman.  Did  you  submit  plans,  models,  or  designs  to  the 
Naval  Advisory  Board,  in  response  to  the  public  advertisements  in  1882, 
giving  notice  to  all  engineers  and  mechanics  of  established  reputation, 
and  all  reputable  manufacturers  of  vessels,  steam-engines,  boilers,  &c., 
having  or  controlling  regular  establishments,  and  being  engaged  in  the 
business,  having  plans,  models,  or  designs  thereof  of  the  classes  author* 
rized  by  the  naval  appropriation  act  of  August  5, 1882,  to  submit  such 
by  the  19th  of  October,  1882 1 

Mr.  Dialogue.  I  did  not. 

The  Chairman.  What  were  your  reasons  for  not  doing  sot 

Mr.  Dialogue.  Because  it  would  have  required  great  labor  with  a 
poor  prospect  of  obtaining  any  contract  based  on  the  plans  furnished. 

The  Chairman.  Did  you  receive  in  1883  a  circular  letter  asking  ad- 
vice and  suggestions  concerning  the  designs  of  the  vessels  for  which 
Congress  had  made  an  appropriation  March  3, 1883 1 

Mr.  Dialogue.  I  did  not. 

The  Chairman.  Did  you  submit  proposals  for  constructing  all  or  any 
of  the  four  ships  in  reply  to  the  public  advertisement  of  April  28, 18831 

Mr.  Dialogue.  I  did  not. 

The  Chairman.  Why  nott 

Mr.  Dialogue.  The  terms  were  too  burdensome,  and  the  plans  were 
not  allowed  to  go  out  of  the  Department.  To  make  the  necessary  cal- 
culations under  such  circumstances  would  require  one  to  be  away  from 
his  works  too  great  a  length  of  time. 

The  Chairman.  Have  you  any  suggestions  to  offer  that  will  assist 
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this  committee  in  the  direction  of  the  resolutions  under  which  it  is  act- 
ing! 

Mr.  Dialogue.  I  believe  that  the  manufacture  of  ordnance  should  be 
made  a  specialty  as  much  as  any  other  manufacture,  and  that  tools 
should  be  specially  desi|?ned  for  the  fitting  of  the  forgings  and  cast- 
ings. I  think  that  the  ships,  guns,  engines,  boilers,  and  armor  can  all 
be  made  much  cheaper,  quicker,  and  with  greater  accuracy  in  private 
establishments  than  in  Government  factories.  If  an  emergency  should 
rise  it  would  be  impossible  for  such  work  to  be  produced  without  the 
assistance  of  private  enterprise.  The  very  best  mechanics  are  not 
found  in  the  employ  of  the  Government,  because  their  rate  of  compen- 
sation is  so  much  lower  than  in  private  yards,  and  because  their  posi- 
tions are  so  uncertain. 

Under  the  present  condition  of  affairs  we  cannot  expect  to  surpass 
other  countries  in  defensive  means.  They  patronize  private  workshops ; 
our  Government  does  not  to  any  extent  in  naval  matters,  consequently 
our  manufacturers  have  no  incentive  to  provide  or  develop  the  means. 
The  best  designs  for  armored  vessels  and  ordnance  in  foreign  countries 
come  from  private  workshops,  and  the  same  would  obtain  here  if  proi>er 
encouragement  were  given. 

I  believe  the  only  way  to  have  the  requisite  work  performed  econom- 
ically and  in  a  reasonable  time  is  for  Congress  to  make  a  sufficient  ap- 
propriation to  last  for  several  years,  to  be  disbursed  by  the  proper 
authorities  having  charge  of  that  branch  of  the  public  service,  and  to 
push  it  rapidly  to  completion. 


HAELAV  ft  HOLLDTOSWORTH  OOMPAHT. 

STATEMENT  OF  MR  J.  TAYLOR  GAU8E. 

Wilmington,  Del.,  February  5, 1885. 

The  GHAiBiiAN.  What  is  your  name,  profession,  and  present  posi- 
tion t 

Mr.  Oause.  J.  Taylor  Ganse;  iron  steamship  bnilder;  president  of 
the  Harlan  &  HoUingsworth  Oompany. 

The  Ghaibman.  Have  yon  at  any  time  been  requested  by  the  Gov- 
ernment to  bnild  ships,  engines,  or  boilers  t 

Mr.  Gause.  Yes  ]  ships,  engines,  and  boilers,  and  we  submitted  pro- 
posals at  different  times. 

The  Chairman.  What  is  the  capacity  of  your  works  to  baild  ships, 
engines,  and  boilers. 

Mr.  Gause.  The  capacity  of  our  works  is  such  that  we  would  under- 
take the  completion  of  any  sized  ship  the  Government  might  require, 
in  readiness  for  armor  and  guns. 

The  Ghaibman.  Have  you  ever  built  any  vessels  of  war,  or  engines 
or  boilers  for  same  t 

Mr.  Gause.  Tes ;  we  built  three  single-turreted  monitors  during  the 
war,  the  iron  sloop  Banger,  and  are  now  building  the  doubleturreted 
monitor  Amphitrite. 

The  Ghairman.  Are  you  enlarging  your  plant) 

Mr.  Gause.  Yes ;  every  year  we  are  adding  to  keep  pace  with  the 
requirements  of  the  times. 

The  Ghairman.  What  are  the  comparative  advantages  and  disad 
vantages  of  the  two  systems  of  forging,  steam  hammer  and  hydraulic 


Mr.  Gause.  My  judgment  would  incline  to  the  use  of  presses,  but  I 
have  not  examined  the  matter  with  sufficient  care  to  give  an  intelligent 
opinion. 

The  Ghairman.  How  can  the  Government  best  build  ships,  engines, 
and  boilers  (whether  wholly  in  Government  works,  or  partly  in  such 
works  and  partly  by  contracts  with  private  builders,  or  wholly  in  pri- 
vate yards)?  In  case  of  divided  labors  how  should  the  division  be 
made! 

Mr.  Gause.  The  work  can  be  done  much  cheaper  and  better  in  pri- 
vate establishments  than  in  Government  yards,  simply  because  a  first- 
class  establishment  has  its  complete  organization,  with  skilled  workmen, 
competent  foremen,  and  responsible  superintendents,  first-dass  tt>ols 
and  appliances,  and  a  reputation  to  maintain  for  good  work.  Personal 
superintendence  and  responsibility  will  always  insure  the  lowest  rate 
of  cost.  If  the  work  was  divided  the  navy-yards  could  manage  the 
machinery  better  than  the  hulls. 

The  Ghairman.  Give  an  opinion  of  the  comparative  cost  of  th^e 
methods. 

Mr.  Gause.  I  think  that  such  work  will  cost  anywhere  from  50  to 
100  per  cent,  more  in  Government  yards  than  if  contracted  for  with 
first-class  private  establishments,  for  the  following  reasons :  The  wages 
paid  in  navy-yards  are  always  greater  than  those  paid  in  private  estab- 
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lisbmeDts,  and  the  GovemmeDt  pays  for  10  hours'  work  per  day  and 
ooly  gets  8  hours'  labor ;  moreover  the  men  working  in  navy-yards  do 
50  per  cent,  less  work  per  day  than  if  they  worked  in  a  private  yard. 
Favoritism  prevails  in  navy-yards  which  is  most  pernicious  to  best  re- 
sults. Many  other  reasons  could  be  given  which  aid  in  producing  the 
results  named. 

The  Chairman.  Which  are  the  best  locations  t 

Mr.  Cause.  The  best  location  is  where  you  can  get  skilled  labor  and 
materials  cheapest,  with  a  favorable  dimate,  and  where  the  works  would 
be  protected  in  case  of  war  with  a  foreign  country.  I  think  the  Dela- 
ware Biver  is  superior  to  all  others  in  the  TTnited  States.    . 


VBAFIE  ft  LEVT,  PEHll  WOEK& 

STATEMENT  OF  MB.  JACOB  G,  NEAFIE, 

Philabslphia,  Pa.,  February  3, 1885. 

The  Ghaibman.  Please  state  your  name  and  present  position. 

Mr.  Neafie.  Jacob  O.  Neafie,  principal  of  the  firm  of  Neafie  &  Levy, 
Penn  Works,  Philadelphia. 

The  Chaieman.  Have  you  at  any  time  been  requested  by  the  Gov- 
ernment to  build  ships,  engines,  and  boilers  t 

Mr.  Neafie.  Yes ;  and  have  built  a  number  of  ships,  including  en- 
gines and  boilers,  for  the  United  States  Government. 

The  Ghaibman.  What  is  the  capacity  of  your  works  to  build  ships, 
engines,  and  boilers  f 

Mr.  Neafie.  We  can  build  them  of  any  size  required. 

The  Ghaibman.  Name  the  war  vessels  you  have  built 

Mr.  Neafie.  We  built  the  machinery,  engines,  boilers,  &c.,  of  the 
sloop  of  war  Lancaster,  the  Pawnee,  the  double-ender  gunboat  Pontiac; 
completed  and  fitted  the  hull  and  machinery  of  the  sloop  of  war  Quinne- 
bang ;  and.  during  the  war  of  the  rebellion,  built  and  fitted  out  a  num- 
ber of  smaller  craft,  transports,  tugs,  &c 

The  Ghaibman.  Are  you  enlarging  your  plant  t 

Mr.  Neafie.  Yes;  to  keep  pace  with  the  times. 

The  Ghaibman.  Have  yon  any  tools  and  implements  for  the  mana- 
factnre  of  guns  similar  to  those  cited  in  a  portion  of  the  Oun  Foundry 
Board's  report? 

Mr.  Neafie.  We  have  no  special  gun  tools. 

The  Ghaibman.  Gan  you  manufacture  such  tools,  equal  in  power  and 
feed,  and  at  the  estimated  cost  stated  in  that  report! 

Mr.  Neafie.  The  manufiebcture  of  machines  and  tools  for  steel  plant 
does  not  come  within  the  scope  of  our  special  class  of  business.  We 
have  had  no  experience  in  that  line. 

The  Ghaibman.  How  can  the  Government  best  build  ships,  engines, 
and  boilers  t 

Mr.  Neafie.  By  private  builders. 

The  Ghaibman.  Give  an  opinion  of  the  comparative  cost  of  the  two 
methods — ^in  private  works  or  Government  yards. 

Mr.  Neafie.  TJnable  to  say  further  than  that  private  parties  always 
manage  such  work  with  greater  economy  than  the  Government  can. 

The  Ghaibman.  Which  are  the  best  locations? 

Mr.  Neafie.  Delaware  and  Hudson  Bivers. 

The  Ghaibman.  Why  do  steel  manufacturers  import  foreign  material! 

Mr.  Neafie.  As  we  are  not  manufacturers  of  steel,  we  are  unable  to 
answer  from  our  own  experience. 
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PV8BT  ft  JOHES  COMPAHT. 

STATEMENT  OF  MB.  WILLIAM  G.  GIBBONS, 

WiLMiNaTON,  Del.,  February  5,  1886. 

The  Chaibman.  Please  give  your  full  name  and  present  position. 

Mr.  Gibbons.  William  G.  Gibbons.  I  am  president  of  the  Posey  & 
Jones  Company,  builders  of  iron  ships  and  heavy  machinery,  Wilming- 
ton, Del. 

The  Chaibman.  Have  you  at  any  time  been  requested  by  the  Gov- 
ernment to  build  ships,  engines,  and  boilers  t 

Mr.  Gibbons.  Yes ;  we  submitted  proposals,  plans,  and  drawings, 
and  will  be  glad  to  do  so  again.  We  have  built  a  number  of  vessels 
for  the  Eevenue,  Light-House,  and  Coast  Survey  Services,  one  for  the 
War  Department,  and  a  large  iron  tug-boat  for  the  Navy  Department. 

The  Chaibman.  What  is  the  capacity  of  your  works  to  build  ships, 
engines,  and  boilers  f 

Mr.  Gibbons.  The  capacity  of  our  works  is  first  rate.  We  have  ca- 
pacity to  make  with  ease  the  heaviest  machinery,  castings,  and  tools, 
to  do  the  fitting,  cranes  to  handle,  shears  to  lift  boilers  and  handle  ma- 
chinery, and  wharves  at  which  vessels  can  lie  while  receiving  the  same. 

The  Chaibman.  Name  the  vessels  of  war,  or  engines  for  same,  that 
you  have  built  for  the  Government. 

Mr.  Gibbons.  The  engines  for  the  sloop  Juniata,  gunboats  Wyalus- 
iug  and  Mingoe,  and  the  second-rate  Shackamaxon.  For  the  United 
States  of  Venezuela,  one  gunboat ;  for  the  United  States  of  Colombia, 
three  gunboats,  iron  hulls. 

The  Chaibman.  Are  you  enlarging  your  plant  T 

Mr.  Gibbons.  We  regard  it  as  ample. 

The  Chaibman.  What  are  the  comparative  advantages  and  disad- 
vantages of  the  two  systems  of  forging — steam-hammer  and  hydraulic 
press) 

Mr.  Gibbons.  No  forging,  large  or  small,  can  be  made  of  uniform  mo- 
lecular consistence  throughout  under  the  hammer,  and  particularly  does 
this  relate  to  large  masses.  Any  system  of  formation  by  pressure  is  not 
subject  to  this  objection,  and  when  it  is  considered  that  the  maximum 
ability  to  endure  strain  is  reached  when  uniform  molecular  consistence 
is  had,  manifestly  the  forging  shaped  under  pressure  is  stronger  and  more 
able  to  resist  any  class  of  strain  than  is  a  hammered  one. 

The  Chaibman.  Have  you  any  tools  and  implements  for  the  manu- 
facture of  guns  similar  to  those  cited  in  the  portion  of  the  Gun  Foundry 
Board's  report  annexed  to  this  circular  f 

Mr.  Gibbons.  None.  We  could  manufacture  them  in  six  mouths, 
but  at  what  cost  I  cannot  say  without  a  careful  estimate. 

The  Chaibman.  How  can  the  Government  best  build  ships,  engines, 
and  boilers  T 

Mr.  Gibbons.  The  Government  can  get  its  ships  and  engines  equally 
well  by  building  in  Government  yards — which  would  need  more  modern 
machinery  than  any  of  them  possess  to-day,  and  with  the  political  ele- 
ment altogether  eliminated,  so  that  the  management  could  gather  around 
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it  only  those  who  possess  skill  in  the  business— «r  by  contracting  with 
fblly  responsible  and  skilled  private  bnilders. 

The  Ohatrkan.  Give  an  opinion  of  the  comparative  cost  of  these 
methods. 

Mr.  Gibbons.  Because  of  the  difficulty  that  the  management  of  a 
Gk>vernment  yard  would  have  in  eliminating  political  interference,  be- 
cause of  the  forcing  upon  it  of  political  favorites  who  would  draw  salaries 
for  ostensible  services  of  no  real  value,  and  farther  because  the  eight- 
hour  system  obtaining  there,  the  cost  of  the  ships  and  machinery  would 
thereby  be  much  increased  over  those  obtained  by  a  system  of  private 
contract;  but  it  does  not  follow  from  this  that  their  excellence  would 
in  any  respect  be  lessened. 

The  Ghaibman.  Which  are  the  best  locations  t 

Mr.  Gibbons.  Wherever  material,  labor,  and  fresh  water  obtain. 


QUIHTABD  TRON  WORKS. 

STATEMENT  OF  N.  F,  FALMEH,  JB, 

New  York,  February  6, 1886. 

The  Ohaibman.  Please  state  your  name  and  present  position. 

Mr.  Palmer.  N.  P.  Palmer,  jr. ;  manager  of  the  Qaintard  Iron  Works. 

The  Chairman.  Have  you  at  any  time  been  requested  by  the  Gk)v- 
emmeut  to  build  ships,  engines,  and  boilers f 

Mr.  Palmer.  Yes,  and  made  proposals. 

The  OnAiRMAN.  What  is  the  capacity  of  your  works  to  build  engines 
and  boilers  f 

Mr.  Palmer.  Capacity  to  undertake  engines  and  boilers  of  any  size 
the  Government  would  require. 

The  Chairman.  Please  name  the  war  vessels  lor  which  you  have 
built  any  engines  or  boilers. 

Mr.  Palmer.  Engines  and  boilers  for  the  Alliance,  boilers  for  the 
Alaska  and  Benicia,  rebuilt  the  Montauk,  and  furnished  new  boilers; 
also  boilers  for  the  Spanish  Government,  and  United  States  revenue 
steamer  Mosswood. 

The  Chairman.  Are  you  enlarging  your  plant  f 

Mr.  Palmer.  Not  at  present. 

The  Chairman.  What  experience  have  you  had  in  the  use  of  steam- 
hammers  and  hydraulic  casting  and  forging  presses  f 

Mr.  Palmer.  Kone  with  large  steam-hammers,  and  none  with  hy- 
draulic casting  and  forging  presses. 

The  Chairman.  How  can  the  Government  best  build  ships  f 

Mr.  Palmer.  In  our  opinion,  they  can  be  best  supplied  from  private 
yards. 

The  Chairman.  Give  an  opinion  of  the  comparative  cost  of  the 
methods — in  private  works  or  Government  yards. 

Mr.  Palmer.  It  would  be  cheaper  to  build  them  in  private  yards. 

The  Chairman.  Which  are  the  best  locations. 

Mr.  Palmer.  The  Delaware  Biver  at  present 


CHABLES  BBEDEB  ft  S0H8. 

STATEMENT  OP  MB.  CSAJRLES  BEEDEE. 

Baltimobb,  Navemher  11, 1885. 

The  Ohatrman.  Please  state  your  name,  residence^  and  present  posi- 
tion in  connection  with  the  firm  of  Charles  Beeder  &  Sons. 

Mr.  Beedeb.  Charles  Beeder;  Baltimore,  Md.:  I  am  not  at  present 
connected  with  the  business,  which  is  conducted  by  my  sons,  althoogh 
it  is  carried  on  in  the  name  of  myself  and  sons. 

The  Chaibman.  What  work  do  you  turn  outt 

Mr.  Beebeb.  Steam  marine  engines  and  boilers,  principally. 

The  Chaibman.  Have  you  ever  built  any  ships  f 

Mr.  Beedeb.  ^o. 

The  Chaibman.  Have  you  built  any  engines  or  boilers  for  the  Gov- 
ernment f 

Mr.  Beedeb.  We  have,  for  the  Treasury  Department  and  for  the  U. 
S.  S.  Pinola  in  1861. 

The  Chaibman.  Where  do  you  get  the  steel  to  build  your  boilers  9 

Mr.  Beedeb.  From  Coates  &  Co.,  of  Baltimore. 

The  Chaibman.  Do  they  make  it  themselves  f 

Mr.  Beedeb.  Yes,  sir;  they  have  a  roUing  mill  in  this  city. 

The  Chaibman.  Have  you  at  any  time,  since  the  close  of  the  war, 
been  requested  by  the  Government  to  supply  engines  or  boilers  f 

Mr.  Beedeb.  !N^ot  for  the  Navy  Department. 

The  Chaibman.  What  is  the  capacity  of  your  works  to  build  them! 

Mr.  Beedeb.  I  suppose  we  could  build  almost  any  size  that  the  Crov- 
ernment  required.    We  have  completed  engines  of  72-inch  cylinders. 

The  Chaibman.  Have  you  any  tools  or  implements  suitable  for  the 
manuCEkcture  of  gunsf 

Mr.  Beedeb.  We  have  not. 

The  Chaibman.  Do  you  manufieM^ture  lathes  or  other  tools  f 

Mr.  Beedeb.  Not  as  a  business.  Our  principal  occupation  is  build- 
ing and  repairing  marine  engines  and  boilers.. 

The  Chaibman.  What  is  your  opinion  as  to  the  best  method  for  the 
Government  to  adopt  to  get  ships,  engines,  and  boilers  (whether  to 
build  them  wholly  in  Government  works  or  wholly  in  private  works,  or 
partly  in  Government  works  and  partly  in  private  works)  f 

Mr.  Beedeb.  In  my  opinion,  the  Government  ought  to  be  constantly 
engaged  in  the  construction  of  naval  vessels  in  its  own  yards,  and  when 
necessary  have  others  built  in  private  yards.  In  Government  yards  it 
ought  to  be  a  constant  operation — one  ship  after  the  other— in  order  to 
enable  the  !N^avy  Department  to  keep  up  with  the  improvements  of  other 
nations.  I  think  it  is  a  mistake  to  order  a  large  number  of  vessels  at 
one  time.  They  ought  to  be  constructed  continuously  in  order  to  make 
improvements.  In  my  opinion,  it  is  a  great  mistake  to  authorize  the 
construction  of  a  number  of  naval  vessels  and  require  the  contracts  all 
to  be  awarded  to  the  lowest  bidder.  Instead  of  that  the  award  of  con- 
tracts ought  to  be  limited  or  distributed  among  different  builders.  I 
think  it  better  to  build  as  experience  points  oi^  and  to  take  patten 
after  superior  vessels  and  improve  on  them.    The  only  way  that  En- 
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gland  and  France  ever  broaght  their  vessels  to  such  perfection  is  by 
improving  continaally  on  what  they  had  done  before. 

The  Chairman.  England  and  France  build  ships  at  the  Government 
dock-yards  and  at  the  same  time  are  having  similar  ships  built  at  pri- 
vate yards.  In  that  way  there  is' constant  comparison  and  constant  im- 
provement and  development.  Does  not  the  Government,  by  this  method, 
get  the  benefit  of  the  improvement  and  development  of  its  dock-yards 
at  the  same  time  that  it  is  getting  valuable  information  from  the  ex- 
perience and  improvements  of  the  private  builders  ? 

Mr.  Ebbder.  Yes,  sir ;  that  is  so. 

The  Chairman.  Do  you  then  believe  in  building  some  of  the.  ships 
entirely  (engines,  boilers,  and  all)  in  the  navy-yards,  and  other  ships  en- 
tirely in  private  yards  t 

Mr.  Bbeder.  I  think  there  ought  to  be  at  all  times  one  or  more  naval 
vessels  under  construction  in  Government  yards;  the  sole  direction 
ought  to  be  with  the  Government  departments.  It  is  essential  that  those 
who  direct  should  have  some  practical  knowledge,  or  the  means  of  ac- 
quiring experience,  to  enable  them  to  determine  in  what  direction  im- 
provement can  be  made. 

The  Chairman.  What  do  you  consider  the  comparative  cost  of  ships 
built  in  navy-yards  and  in  private  yards  f 

Mr.  Eee'der.  I  cannot  say  as  to  the  comparative  cost,  but  it  is  gener- 
ally more  expensive  to  buUd  ships  in  navy-yards  than  in  private  yards. 

The  Chairman.  Which  do  you  consider  the  best  locations  for  private 
ship-building ;  that  is  as  to  the  building  of  Government  vessels  f 

Mr.  BEEDER.  The  location  should  be  near  the  sea- board,  as  a  matter 
of  course,    ^ear  large  cities  would  be  the  best  places,  I  think. 

The  C^AIRMAN.  Why  do  you  consider  locations  near  large  cities  the 
best  9 

Mr.  Bbeder.  Experienced  workmen  can  be  more  readily  obtained ; 
and,  generally,  the  facilities  for  getting  material  are  better. 

The  Chairman.  Are  you  familiar  with  the  general  character  of  the 
heavy  iron-clads  that  are  being  built  in  England  now  ? 

Mr.  Bbeder.  Only  from  published  descriptions. 

The  Chairman.  From  what  you  know  of  them,  do  you  consider  that 
we  have  everything  in  this  country  to  build  similar  ships  f 

Mr.  Bbeder.  I  think  we  have.  There  is  no  doubt  of  it.  It  might 
require  a  little  preparation,  perhaps. 

The  Chairman.  If  those  ships  were  to  be,  as  some  of  them  must  be, 
armor-clad,  where  would  you  get  the  armor  !  They  would  require  very 
heavy  armor  plates  and  very  heavy  steel  shafting. 

Mr.  Bbeder.  The  armor  could  be  made  at  Pittsburgh.  They  have 
facilities  there  for  making  it,  and  we  have  plant«  here  in  Baltimore  that 
could  be  easily  extended  so  as  to  make  it.  Ko  doubt  the  existing  es- 
tablishments here  could  arrange  to  make  all  that  without  any  trouble. 

The  Chairman.  Would  those  establishments  require  very  large  ex- 
penditures to  make  that  preparation  f 

Mr.  Bbeder.  I  think  not,  except  in  enlarging  some  of  their  appara- 
tus. 

The  Chairman.  Will  you  give  the  names  of  some  of  those  plants  f 

Mr.  Bbeder.  The  Abbott  Company  have  extensive  works  in  Balti- 
more that  could  be  converted  into  a  suitable  place  for  manufacturing 
armor  plates. 

The  Chairman.  Can  you  recall  the  name  of  any  firm  in  Pittsburgh 
that  you  think  could  make  the  steel  armor  plates  f    You  know  those 
plates  are  from  16  to  20  inches  thick. 
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Mr.  Bekder.  I  do  not  know  the  names  of  the  flrms  engaged  in  the 
steel  manufactures  there.  We  have  been  getting  oar  heavy  forgings 
from  William  Miller  in  Pittsburgh. 

The  Chairman.  Do  you  get  steel  ingots  from  him  ? 

Mr.  Beeder.  We  get  our  steel  forgings  from  him.  He,  I  am  informed, 
gets  his  steel  from  Park  Brothers. 

The  Chairman.  What  is  the  heaviest  steel  forging  you  have  ever  re- 
ceived from  Pittsburgh,  and  to  what  use  did  you  put  itt 

Mr.  Beeder.  It  was  10  or  12  inches  in  diameter  and  was  made  into  a 
crank  shaft.  We  seldom  make  propeller  shafts  with  solid  couplings.  It 
is  almost  impossible  to  make  the  neck  (or  section  next  to  a  large  boss) 
of  a  heavy  shaft  perfectly  solid.  We  usoally  make  a  plain  shaft  and 
shrink  the  couplings  on. 

Tbe  Chairman.  You  say  you  can  make  the  engines  and  boilers  for 
a  ship  of  any  size ',  are  there  any  firms  in  Baltimore  who  have  the  ca- 
pacity to  build  a  modern  armored  ship  for  such  engines  and  boilers  f 

Mr.  Beeder.  I  suppose  Woodhail  &  Co.,  Skinner,  and  Malster 
might  do  it.    They  have  yards,  and  occasionally  build  vessels. 

Q'he  Chairmam.  Has  Woodhail  built  any  iron  or  steel  ships  f 

Mr.  Beeder.  He  has  built  some  small  vessels.  We  could  enter  into 
the  building  of  vessels  very  handily.  We  have  a  suitable  place  for  it, 
and  it  only  requires  preparation. 

The  Chairman.  Could  those  heavy  armor  plates  be  built  as  cheaply 
in  the  United  States  as  in  England  t 

Mr.  Beeder.  I  am  not  prepared  to  say.  I  think  the  cost  of  labor  is 
much  less  in  England  than  it  is  here. 

The  Chairman.  Where  were  the  heavy  tools  in  your  yard  made? 

Mr.  Beeder.  Most  of  them  we  made  ourselves.  Our  establishment 
has  been  in  operation  since  1815.  The  first  marine  engines  constructed 
in  this  city  were  constructed  by  my  father  about  seventy  years  ago. 

The  Chairman.  Are  there  any  foreign  tools  in  your  yardf 

Mr.  Beeder.  We  have  one  or  two  lathes  that  were  made  in  England. 

The  Chairman.  Have  you  any  foreign  mechanics  in  your  yardf 

Mr.  Beeder.  Yes;  we  always  have. 

The  Chairman.  Do  you  find  them  a  necessity? 

Mr.  Beeder.  !N^ot  a  necessity;  but  there  are  always  foreign  me- 
chanics here  to  be  employed  when  we  want  them. 

The  Chairman.  Would  there  be  any  necessity  of  employing  foreign 
mechanics  if  you  were  to  build  a  large  armored  ship  f 

Mr.  Beeder,  If ot  specially. 

The  Chairman.  Have  you  any  further  suggestions  to  offer  that  will 
assist  the  committee  in  the  direction  of  its  inquiries  t 

Mr.  Beeder.  No  further  suggestions  occur  to  me  at  present. 


STATEMEHT  OF  WBL  JOHV  BOAOH. 

New  YoBKy  January  J 1886. 

Mr.  MoBGAN.  Mr.  Boach,  in  what  bnsiness  are  yoa  engaged? 

Mr.  BoAOH.  In  the  construction  of  ships,  marine  engines,  and  other 
iron  and  steel  work.  I  have  bailt  some  of  the  largest  marine  engines 
now  afloat  in  the  world,  such  as  the  engines  of  the  Bristol,  Providence, 
and  Pilgrim,  with  llOinch  cylinder  and  14-foot  strokeof  piston,  the  two 
former  ranning  saccessMly  for  fourteen  years,  the  latter  since  her  com- 
pletion. 

Mr.  Morgan.  What  steel  or  iron  merchant  ships  have  you  built! 

Mr.  BoAGH.  In  all,  including  those  now  being  completed  in  my  yard, 
ninety- one,  seven  of  them  of  steel. 

Mr.  MoRaAN.  Of  what  material  is  the  Puritan  built  f 

Mr.  BoAGH.  The  shell  of  the  ship  is  iron ;  the  armor  and  turrets  are 
to  be  steel. 

Mr.  Morgan.  What  are  her  dimensions  and  what  will  be  her  displace- 
ment when  the  engines  are  on  board  f 

Mr.  BoAGH.  Her  dimensions,  &c.,  are  as  follows : 

Length  over  all,  295  feet ;  breadth  of  beam,  60  feet ;  depth,  20  feet  6 
inches ;  draught  of  water  when  launched,  6  feet  11  inches ;  draught  with 
guns,  armor,  coal,  and  engines  on  board  ready  for  commission,  18  feet. 

Displacement  when  launched,  1,750  tons ;  displacement  when  down 
to  her  draught  and  in  commission,  6,060  tons.  Deducting  the  present 
weight  of  the  ship  without  machinery,  &c.,  1,750  tons,  there  are  left  for 
armor,  turrets,  guns,  machinery,  coal,  and  other  supplies,  ready  for 
commission,  4,310  gross  tons. 

With  500  tons  of  coal  it  is  estimated  that  she  will  steam  the  following 
distances  at  the  tabulated  rates  of  speed,  viz :  With  a  speed  of  14  knots, 
1,545  nautical  miles;  of  12  knots,  2,266  nautical  miles;  of  10  knots, 
3,331  nautical  miles ;  of  9  knots,  4,316  nautical  miles ;  of  7  knots,  6,477 
nautical  miles. 

This  gives  a  correct  idea  of  the  Puritan's  fitness  as  a  cruising  monitor 
along  our  coast. 

On  400  tons  of  coal  it  is  estimated  she  can  steam  from  Portland,  Me.,  to 
New  Orleans  and  return  at  the  rate  of  9  knots  per  hour,  and,  in  case  of  an 
emergency,  can  make  a  speed  of  338  nautical  miles  in  twenty-four  hours,  or 
at  a  rate  of  14  knots  per  hour.  That  is  at  a  speed  which  is  two  knots  faster 
than  any  other  American  man-of-war,  and  equal  tiO  the  best  of  her  dass 
in  the  world.  During  recent  trials  her  machinery  proved  a  great  suc- 
cess, and  there  is  no  doubt  she  will  make  14  knots.  She  can  carry  15- 
inch  steel  armor  plate,  with  her  guns,  crew,  and  400  tons  of  coal. 

When  on  April  10,  1875,  the  Puritan  was  designed  and  contracted 
for,  the  armor  then  used  on  all  similar  vessels  was  made  of  iron,  and 
was  much  lighter  than  that  employed  to-day.  I  saw  the  progress  which 
was  being  made  in  Europe,  and  after  the  contract  was  signed  I  advised 
a  change  in  the  ship  that  enabled  her  to  carry  40  percent,  more  armor, 
gave  her  two  knots  more  speed,  permitted  her  to  carry  heavier  guns, 
and  yet  increased  her  cost  only  about  $25,000.    Had  this  change  not 
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been  made,  this  sbip,  in  view  of  the  modem  improvements  in  heavy 
armor  and  in  gans,  would  to-day  have  been  worthless.  I  did  this  work 
honestly,  but  up  to  the  present  I  have  not  received  a  dollar  for  it,  for 
the  money  even  is  not  yet  appropriated,  although  the  certified  bills  are 
now  in  my  possession. 

As  there  are  many  reports  about  these  ironclads,  it  may  be  well  to 
explain  here  the  Puritan's  fitness  for  harbor  defense : 

First.  Thereis  no  other  armored  vesselin  the  world  to-day  with  the  same 
thickness  of  armor  and  weight  of  guns  which  has  so  light  a  draught  of 
water.  European  vessels  of  the  same  speed,  weight  of  armor  and  guns 
draw  much  more  water,  and  can  enter  only  a  few  of  our  harbors  at  high 
tide,  while  the  Puritan  can  enter  most  of  our  harbors  at  almost  any  state 
of  the  tide,  either  to  coal  or  to  retreat  from  a  more  powerful  enemy ;  and 
in  any  emergency  she  could  leave  most  of  our  ports  at  once  without 
waiting  for  the  tide.  No  foreign  vessel  of  her^  power  has  these  advan- 
tages. 

Secondly.  She  has  a  double  bottom,  which,  should  the  outside  plating 
be  broken,  would  by  means  of  an  inner  skin  and  the  eighty -four  sepa- 
rate water-tight  compartments  still  keep  the  vessel  afloat.  The  advan- 
tages of  the  double-bottom  system  are  shown  in  a  late  accident  to  the 
Pilgrim, *which  is  built  on  this  plan.  Last  year  she  ran  on  the  rocks  be- 
low Hell  Oate,  and  tore  a  hole  in  her  outer  bottom  about  40  feet  in  length, 
but  the  inner  skin  being  intact  she  was  saved,  and  brought  her  400  pas- 
sengers and  a  valuable  cargo  safely  to  wharf.  She  waa  put  on  the  dry 
dock,  repaired,  and  in  two  weeks  was  on  her  route  again.   . 

Thirdly.  As  the  Puritan  has  a  surface  above  the  water  line  of  but  2 
feet  6  inches,  her  turrets  alone  are  targets  for  an  enemy's  guns.  Hiis 
gives  her  a  great  advantage  over  other  ships. 

Fourthly.  She  is  provided  with  a  powerful  ram. 

A  comparison  of  the  Puritan  with  some  of  England's  war  ships  of  her 
class  gives  the  following  comparative  values : 

Comparison  of  defensive  and  offensive  power  of  artnored  vessels  for  coast  d^enoe. 


OltttUm. 
XDgllsh. 


Rapert, 

Paritan, 

EngUah. 

AmetiMa. 

250 

»0 

68 

m 

.S^ 

18 

4.630 

a.  780 

33.  G 

14.5 

12 

14 

12 

16 

1 

2 

52ofl8toiw. 
{2of3|toii8. 

Uof40tom. 

MnsKle. 

BtMch. 

1874 

Length fbet. 

Beam do  . 

Draught  of  water do  . 

Displacement tone  . 

Hone-power 

Speed  in  knots 

Side  armor Inohea. 

Tnrrote  do  . 

Number  of  tarrets 

Number  of  gnns 

Manner  of  loading 

Completed 


245 

64 

10.5 

4,010 

2,870 

12.1 

38* 


2  of  25  tone. 

Mnsile. 
1872. 


From  this  it  is  seen  that  while  the  English  ship  Glatton  has  only  one 
turret  and  two  25-ton  muzzle-loading  guns,  the  Puritan  has  two  tarrets 
with  4  40  ton  breech-loading  guns,  besides  having  a  powerful  ram,  and  a 
fighting  capacity  superior  to  either  the  Glatton  or  Bnpert  in  weight 
and  number  of  guns,  in  thickness  of  armor,  and  in  speed. 

Mr.  Morgan.  What  will  be  the  weight  of  her  guns  and  the  thick- 
ness of  her  turrets  ? 

Mr.  EoACH.  She  will  have  four  forty -ton  breech-loading  guns  and  the 
thickness  of  her  turrets  will  be  16  inches. 
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Mr.  Morgan.  Where  were  her  shafts  and  engines  built  f 

Mr.  SoACH.  In  the  yards  of  John  fioach  &  Son,  Chester,  Pa. 

Mr.  Morgan.  Of  what  material  are  the  shafts? 

Mr.  EoAGH.  The  best  American  wrought  iron. 

Mr.  Morgan.  Which  do  you  prefer  for  the  shafts  of  heavy  ships, 
steel  or  wrought  iront 

Mr.  BoAGH.  The  best  American  wrought  iron. 

Mr.  Morgan.  Please  state  your  reasons  for  the  preference. 

Mr.  BoACH.  There  is  a  great  uncertainty  in  the  manufacture  of  steel 
shafts,  owing  to  the  facts  that,  as  the  ingots  from  which  these  are  made 
are  first  cast  in  very  large  bodies  and  as  the  shrinkage  of  steel  is  much 
greater  than  that  of  iron  or  other  metals,  the  outside  edges  of  the  ingot 
in  the  cooling  process  cool  more  rapidly  than  the  interior;  this  causes 
them  to  shrink,  the  liquid  metal  by  the  natural  contraction  of  cooling 
being  drawn  from  the  center,  thus  leaving  it,  as  with  all  metals  cast  in 
heavy  bodies  in  this  way,  porous  and  hollow.  Then,  when  the  ingot  is 
heated,  to  be  hammered  into  the  shaft,  these  internal  imperfections 
are  not  welded,  *for  the  shrinkage  and  the  bleeding  holes  in  and  near  the 
center  are  never  welded,  but  are  extended  lougitudinaiUy  and  laterally, 
and  formed  into  all  shapes,  as  it  is  impossible  to  get  a  welding  heat  in 
the  interior  without  burning  up  the  out^side  metal.  These  imperfections 
are  never  discovered  until  the  shafts  break.  In  this  connection  I  sup- 
ply- a  list  of  two  hundred  and  twenty-two  ships  the  shafts  of  which  were 
broken  between  January  1, 1881,  and  January  1,  1884,  together  with 
their  nationalities,  as  certified  to  by  the  marine  engineer  of  the  Liverpool, 
Philadelphia,  Boston,  and  New  York  underwriters.  Of  these  ships  76 
per  cent.  were.  British,  and  of  the  balance  30  per  cent,  were  built  in 
England,  though  sailed  under  the  flags  of  other  nations,  while  only  two 
were  American. 

Li8t  of  9teamerB  wliioh  have  broken  iheir  Bhafts  from  January  1,  1881,  to  January  1,  1884. 


NaUonality. 


British.... 
Italian 

Do 

Germaii  ... 
French  — 

I>o 

Dutch 

Britiah.... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

German  ... 
Britiah  .... 
dpaniah.... 
Swedish  ... 

Do...  . 
British.... 

Do 

German  ... 
British.... 

Do 

Korwegian 
British  . . . . 

Do 

Germany . . 
British.... 
Belgian 


Ni 


Batavia 

Coindant 

Aasiria 

Metz 

Celeste 

Senegal 

Prinoess  Amelie. 

S.  A.  Sadler 

Palmyra 

Jenny  Otto 

8iueen 
omelia 

Orchis 

Geo.Shattnok... 

Timor 

Chas. Howard  ... 

Livonia 

Bywell Castle  ... 

Santiago 

Goteberg 

FoTsog 

Victoria 

Augustine 

Vandalia 

Donati 

Canute 

Meta 

Royalist 

Pekln.. 

DaschyKonig... 

Severn 

D.  Steiomann  ... 


Fiwun~~ 


New  York... 
Franchetti... 
Singapore  . . . 
Neumuhlen. . 
Workington . 


Batavia 

Hamburg 

Liverpool 

ShielcU 

WhitsUble.... 

Algiers «-. 

GsSie 

St  Pierre,  Miq. 
Bombay 


Blga 

New  York. 
Porto  Bioo. . 


London 

Para 

Hamburg 

Buenos  Ayres  . 

England 

Christiansund  . 
Sinsapore 

Archangel 

Antilles 

Antwerp 


To- 


Liverpool., 


Marseilles. 
England... 
Barcelona.. 


Amsterdam. 

London 

New  York-. 

Madras 

Aroachon.... 

Pomeron 

Liverpool 

Halifax 

Hull 


Lubeck . . . 

Leith 

Barcelona. 


New  York 

London 

New  York 

England 

Constantinople  . 

Lisbon 

Labuon 


Havre . 


Date. 


1881. 
Jan. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
May 
May 
May 
May 
May 


20 


June    4 


Jime 
June 
June 
June 
July 
July 
July 
July 
Aug. 
Aug. 
Aug. 
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Kattonality. 


British  ..... 

Do 

Do 

Do 

Do 

Do 

Do 

French  

BHtifth 

SpanUh 

British 

Do 

Datch 

British 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Oennui  — 

Belgian 

American  .. 
British 

Do 

Norwegian  . 

British 

Spanish 


British  .... 
French  — 
BritUh.... 

Do 

Do 

Do 

American  . 
Oerman  ... 
British.... 

Do...-. 

Do 

Do 

Do 

Austrian  .. 
British    ... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Belgian 

British  .... 
French  — 
American  . 
Bntish  . . . . 
Swedish... 
British  . . . . 

Do 

Do 

Do 

Belgian 

British.... 
American  . 
Britinh 

Do  .... 

Danish 

British  . . . . 

Do 


Catalonia. 
Nantes  ... 


Timsah* 


Bochester 

Commander 

Flos 

Ameriqnet 

Bgypt 

Anrreira , 

Berlin 

Westella , 

Koenig  der  Nederlanden  t  • . 

Sydney  Hall 

Lightning 

Faraday 

Pelaw.. 

Bengal , 

Wyvem 

Cannel 

Dago 

Tinted 

Ben  Lomond 

Pallion 

Orion 

AUemanna 

Waeslnnd 

Tonawanda , 

Peer  of  the  Realm 

Ayrshire 

Dronning  Sophie  Stavanger. . 

Patagonia 

Comnna 


Bambler 

YlUedeMalaffa 

Dnke  of  Bnooieuoh 

Corea 

Lotus 

Mayileld 

Oranada 

Adele 

FamleyHaU 

Wilt^die 

Gamma 

Menzaleh 

Tista 

Ssapory 

Planet. 

Jas.  M^^m 

City  of  Berlin 

Italia 

London  Castle 

Thales 

Dencalion 

Istrian 

Hope 

Stowell 

Pascal 

Telemachns 

General  Court 

Norman 

Glenelg 

Atlas 

Blaokheath 

Border  Chieftain   . . 

Catalonia 

Glengarry 

Lippe 

Sarpedon  

■Worcester 

Berlin 

Scindia 

Thvra 

LlandafT 

Annie  Ainnley 


lirerpool. 
London... 


TT^H^^T , 

Boston 

New  Orleans., 

Grimsby 

Havre 

Cardlif 


Hamburg... 
Cronstadt  .. 

Batovia 

BUboa 

Patras 

London 

Hamburg... 
Hong-Kong.. 
Tagenrog — 

London 

New  York.. 


NicolAlff 

Bombay 

Calcutta 

Hamburg 

Antwerp 

Philade^hia. 

ColontU 

Mexico 


St.  Juan . . . . 

Lagos  

St/Nariiire. 


Sydney 

Bordeaux 

East  London. . . 

Panama 

Konigsburg  ... 
Carthagena  — 
Bristol  Ferry . . 

CardiiT 

Havre 

Glasgow 

Glasgow 

Dan^o 

Alexandria 

Lirerpool 

Swansea 

London 

London 

China 

Boston 

Peterhead 

Newport 

Buenos  Ayres  . 
SingajMre 


PhUadelpbia 
Hong*Kong. 


Malta 

Newport 

New  xork  . . . 
Middlesboro . 

BUboa 

London 

Halifax 

Leith 

Sulina 

Liban 

Plymouth  ... 
Porroan 


To- 


New  York. . 
StNasairs. 


New  York. 
London  — 
Liverpool . . 
Galveston  . 


Port  Said... 
Liverpool . . . 

Leith 

Lynn 

Amsterdam. 
Swansea  — 
Hamburg. . . 
New  York.. 
Newcastle.. 

Java 

Kotterdam. . 

Granton 

London 


MarseiUes.... 

Antwerp 

London 

New  York... 
New  York... 
Providenoe . . 

Lond(m 

New  Orleans. 


Cadis 

Gibraltar . 
Malaga... 


Thursday  Isle . 

Liverpool 

PortAIfted  ... 
San  Fraaolsoo  . 

Wismar 

Barrow 

Gibraltar 

Odessa 

NewjMrt 

Barcelona 

Tenioe 


London  

New  York 

Lame 

Shanghai 

Buenos  Ayres  . 

England 

Liverpool 

Gracmand 

Naples 

Antwerp 

Amsterdam.... 


Boston 

Portland.. . 
Vestervik  . 
Tagenrog. . 

Venice 

Liverpool.. 
Hamburg. . 
Antwerp  . . 
Shanghai . . 

Boston 

Cuxhaven  . 
England . . . 
Schiedam . . 
Newport... 
do.... 


1S8L 
Ang.  IS 
Aug.  28 
Aug.  31 
SepL  1 
Sept.  1 
SepL  6 
Sept.  8 
Sept.  15 
Sept.  27 
Sept.  28 
Sept.  29 
Sepuao 
Oct.  5 
Oet.  13' 
Nor.  12 
Nov.  16 
Nov.  19 
Nov.  22 
Nov.  23 
Nov.  24 
Nov.  26 
Not.  » 


D6& 

Dea 
Dee. 
DeoL 
Dee. 


Dec  U 
Dea  15 
Deo.  19 


Deo.  24 
1882. 
Jan.  4 
Jan.  4 
Jan.  12 
Jan.  12 
Jan.  16 
Jan.  26 
Feb.  5 
Feb.  7 
Feb.  12 
Feb.  12 
Feb.  IS 
Feb.  IS 
Feb.  21 
Feb.  22 
Feb.  24 
Mar.  4 
Mar.  6 
Mar.  16 
Mar.  16 
Mar.  17 
Mar.  35 
Mar.  26 
Apr.  10 
Apr.  12 
Apr.  24 
Apr.  28 
May  1 
May  1 
May  8 
May  11 
May  17 
May  18 
May  20 
May  21 
Jane  3 
June  5 
June  12 
June  13 
June  15 
June  17 
Jane  19 
June  2J 


•Arrived  at  Gibraltar. 

:  Foundered,  her  shaft  having  broken  in  a  galo. 


t  Found  cracked  wUle  in  doek. 
§Put  into  Lisbon. 
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NfttloiMUty. 


9pftiiiah 

Gennsn 

FroDoh 

British 

OenoMi 

Britiah 

Do 

Do 

Do 

Do 

Do 

Swedish.... 

French 

Italian 

British 

Do 

Genaaa . 

Italian 

British 

Do 

Do 

Do 

Do 

Do 

Spanish..  .. 

ratish 

French 

British 

Norwegian  . 
British 

Do 

Do 

Do 

Do 


French 

British 

Do 

Do 

Do 

Do 

Do 

Austrian.  .. 
(German..  .. 
British 

Do 

Do 

Do 

Snanish 

IFrenoh 

German 

Dntch 

British 

Do 

Do 

Do 

French 

British 

Norwegian., 

French 

Spanish 

French 

American... 

British 

German 

British 

Da 

Do 

Dntch 

Norwegian  . 
British 

Do 

French 

Spanish 

German 

British 

Do 

Do 

Do 

Do 


Name. 


Grada 

Helix 

Deairade 

Sarah  Ann 

Tilsit 

Legos 

Idtewild 

Yorkshireman 

Bristol 

Golnmba 

Bgbert 

Tale 

Portena 

Rio  Plata 

Algitha 

Chiika 

Vorsetzen 

Commandant  Franchetti. 

City  of  Bochester 

Corfin 

Vandyck 

Quito 

Glen  William 

Glamorgan 

Catalan 

BirUng 

Blidah 

Devonia 

Carlotto 

Jane  Cory 

Lacinda 

George  Shattaok 

Viaca 

Sapphire 


Argo 

Neptnne 

Dago 

PhSo 

Toronto 

Habana 

Coanwood 

Helios 

TTranns 

lisbonense 

Gardenia 

City  of  Chester 

Princess  Alice 

VilUfcReal 

Angoste  Conseil 

Bio^ 

Bargemeister  den  Tea. 

Maaritania 

Scotia 

Prince  Arthur 

Long  Ditton 

Dom  Pedro 

Mabel 

Wergeland 

St.  Augustine* 

Francoli 

Vasconia 

Empire 

Basil 

Habsburg 

Harefiela. 

Romeo 

Lady  Havelook 

Yoorwaarto 

Elgin 

Harrox 

Palmerin 

Martinique 

Huma^oa , 

Thuringia 

Zlngari 

BenefiMtor 

Ashbrooke 

Jas.  Malam 

Laxham  


From— 


Biga.... 
nSiftix. 
Cartbagena. . 

Memel 

Tagenrog 

London 

Leghorn 

Avonmonth . 

Licata 

Calcutta..  .. 
Amsterdam.. 

Havre 

Monteyideo.. 
New  Orleans. 

Suez ,.. 

Manilla 

Sunderland . . 


Glasgow 

Liverpool 

Hull 

Swansea 

Liverpool  — 
New  Urleans. 

Goole 

Marseilles  .... 

Glasgow 

Yigsoaee  

Dieppe 

Kurraohee  . . . 
St.  Pierre.... 
Newcastle... 
Liban 


NossiBe.. 
Gal  way  ... 
London  ... 
Liverpool. 
London  ... 
Liverpool.. 
Gtenoa.. 


Hong-Kong — 

Huenra 

Ceara 

Shields 

New  York 

Liverpool 

Valencia 

Huelva 

Hamburg , 

Amsterdam 

Liverpool 

Catania  

Llandudno 

London  

Buenos  Ayres  . 

Tagenrog 

Yalencta 


Yalencta 

Buenos  Ayres.. 
San  Francisco  . 

Hamburg 

New  Tork 


Ghent 

Cardlir. 

Amsterdam . . . 

Grimsby 

London 

Montreal 

Tunis , 

Liverpool 

Yera  Cms . . . 

TSnning 

Jamaica 

New  Orleans. 

Cardiff 

Newport 

*  Pot  into  Cartbagena. 


To- 


st, (fohn's  . 
Montreal  . . 


Swinemunde. 
Gibraltar.... 

Cardiff. 

Termini 

New  York . . . 
Cronstadt ... 

Bombay 

Stockholm.... 
Montevideo.. 
Marseilles ... 

Antwerp 

Bombay 


Bordeanx. 


Bilbao 

Montevideo.. 

Riga 

Belfost 

Boston 

Liverpool . . . 
TrouvUle... 

Cannes 

New  York.. 
Dunkirk  .... 
Hartlepool... 

England 

Halifax 

Temeuzen... 
Lelth 


Rennion 

Glasgow 

Bonlbay , 

Rio  de  Janeiro. 

Sunderland 

Manila 

Cartbagena 

Singapore 

Hamburg 

Liverpool 

New  York 

Liverpool 

Ivemess 

Cetto 

Bordeaux 

Buenos  Ayres.. 

Batevia 

Stockholm 

Boston 

Liverpool 

Cardiff 

Havre 

England 

Hull 


Liverpool 

Bordeaux 

Pt.  Townsend . 

Antwerp 

Bremen 

gig* 

Goole 

Bordeaux 

...do 

Christlania.... 
Buenos  Ayres  . 
Glace  Bay 


Santonder . 
Hamburg.. 
Newcastle . 
London  . . . . 
Bayonne... 
Cronstadt  . 
Naples 


DHte. 


1882. 
June  23 
June  26 

July  1 
July  3 
July  U 
July  17  . 
July  24 
July  81 
Aug.  7 
Aug.  11. 
Aug.  11 
Aug.  20 
Aug.  20 
Sept.  12 
Sept  10 
Sept  26 
Oct  — 
Oct  3 
Oct  8 
Oct  12 
Nov.  11 
Nov.  13 
Nov.  14 
Nov.  17 
Nov.  IV 
Nov.  10 
Nov.  24 


Deo.  7 
Deo.  8 
Deo.  17 
Dec.  28 
Deo.  81 
1888. 
Jan.  6 
Jan.  18 
Jan.  27 
Janr  27 
Feb.  8 
Feb.  4 
Feb.  11 
Feb.  13 
Mar.  1 
Mar.  8 
Mar.  0 
Mar.  12 
Mar.  28 
Mar.  20 
Apr.  3 
Apr.  4 
Apr.  6 
Apr.  14 
Apr.  16 
Apr.  17 
Apr.  22 
Apr.  23 
Apr.  27 
Apr.  27 


May 
May 
May 
May 
May 
May 
May  20 
May  21 
May  24 
May  20 
May  28 
June  5 
June  5 
June  7 
June  10 
June  13 
June  14 
June  16 
June  25 
June  27 
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Mr.  Morgan.  Do  you  know  anything  aboat  the  Miantonomoh,  Ter- 
ror, Amphitrite,  and  that  class  of  monitors,  now  unfinished  ? 

Mr.  Roach.  Yes.  I  built  the  Miantonomoh,  and  the  other  three  are 
similar  to  her. 

Mr.  Morgan.  What  is  their  estimated  speed  t 

Mr.  KoACH.  Abont  12  knots. 

Mr.  Morgan.  What  thickness  of  armor  can  they  carry  ! 

Mr.  Roach.  Eight  inches. 

Mr.  Morgan.  Then  they  have  less  speed  and  lighter  armor  than  the 
Puritan  t 

Mr.  EoAOH.  They  have. 

Mr.  Morgan.  Who  built  the  Dolphin  ! 

Mr.  Roach.  John  Roach  &  Son. 

Mr.  Morgan.  For  what  speed  was  she  constructed  ? 

Mr.  Roach.  Fourteen  knots  (nautical  miles). 

Mr.  Morgan.  What  speed  did  she  make  on  trial ! 

Mr.  Roach.  An  average  speed  of  16.4  nautical  miles :  that?  is  about 
19  statute  miles  per  hour. 

Mr.  Morgan.  W^hat  caused  the  breaking  of  her  shaft. 

Mr.  Roach.  A  defect  in  the  center  of  the  ingot  of  the  character  al- 
ready described ;  also  what  I  believe  to  have  been  a  great  mistake,  the 
forging  of  the  coupling  with  the  shaft,  which,  in  my  opinion,  should 
never  have  been  done. 

Mr.  Morgan.  What  was  her  behavior  at  seat 

Mr.  Roach.  Excellent. 
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Mr.  Morgan.  What  did  you  think  of  her  quahties  as  a  dispatch 
boat  f 

Mr.  BoAOH.  As  to  speed  and  to  capacity  for  standing  heavy  weather, 
excellent. 

Mr.  MoRG-AN.  At  what  point  in  the  shaft  did  the  rapture  occur  f 

Mr.  EoACH.  At  the  neck,  or  where  the  shaft  is  connected  with  the 
coupling. 

Mr.  Morgan.  Was  any  other  injury  done  to  the  ship  by  this  break- 
ing of  the  shaft  t 

Mr.  Roach.  None  whatever. 

Mr.  Morgan.  Where,  and  by  whom  was  the  shaft  of  the  Dolphin 
made>f 

Mr.  EoACH.  In  Nashua,  N.  H.,  and  by  the  Nashua  Iron  and  Steel 
Company.  It  was  made  of  steel,  solid,  and  13  inches  in  diameter.  It 
was  cast  in  the  solid  ingot,  then  hammered. 

Mr.  Morgan.  What  was  the  capacity  of  the  hammer  used  in  making 
the  shaft  ? 

Mr.  Roach.  It  was  a  hammer  of  12  ton  tup,  32  inches  diameter  of 
cylinder,  with  8.6-feet  stroke,  and  worked  at  80  pounds  steam  pressure. 
It  is  a  great  mistake  to  suppose  that  hammers  must  be  enormously 
heavy  to  make  perfect  shafts.  The  welding  of  any  metal  is  done  by 
comparatively  light  blows.  Heavy  hammers  are  used,  generally,  to 
save  labor  and  to  reduce  to  the  proper  size  by  the  least  number  of  heats. 
It  is  impossible  by  the  heaviest  outside  hammering  to  weld  defects  in 
the  centre  of  a  cast  ingot,  because  sufficient  welding  heat  can  never  be 
generated  in  the  center.  In  regard  to  heavy  hammers  I  have  made 
shafts  heavier  and  of  larger  diameter  than  any  one  else  in  this  country 
or  in  England.*  For  example,  the  Pilgrim's  shafts  are  28  inches  in 
diameter,  and  weigh  94,000  pounds,  and  they  have  never  caused  any 
trouble ;  and  many  others,  nearly  as  large,  have  been  made  with  the 
hammers  at  my  works. 

Mr.  Morgan.  By  whom  and  in  what  manner  was  the  Dolphin's  shaft 
tested  before  it  was  put  into  the  ship  t 

Mr.  Roach.  By  a  thoroughly  competent  officer  of  the  Gk)vemment; 
but  it  was  impossible  for  him  or  any  one  to  discover  a  defect  in  the  cen- 
ter of  the  cast  ingot,  as  he  could  judge  only  firom  the  surface,  which 
was  perfect.  The  shaft  came  into  my  possession  duly  certified  as  being 
properly  inspected. 

Mr.  Morgan.  Who  made  the  other  parts  of  the  engine  of  the  Dol- 
phin? 

Mr.  Roach.  All  the  other  parts  of  her  engine  were  made  by  John 
Roach  &  Son. 

Mr.  Morgan.  Was  any  other  part  of  the  engine  broken  when  the 
shaft  gave  way! 

Mr.  Roach.  None  whatever. 

Mr.  Morgan.  If  any  other  parts  of  the  engine  had  been  defective, 
would  they  probably  have  given  way  when  the  shaft  broke? 

Mr.  Roach.  They  certainly  would,  as  they  were  put  to  a  greater  test 
than  they  ever  will  be  again.  From  the  time  the  shaft  broke  until  the 
engine  was  stopped,  not  only  were  all  the  broken  connections  grinding 
against  each  other,  but  the  ship  was  running  full  speed  and  making 
over  two  knots  an  hour  more  than  was  expected.  While  thus  running 
at  full  speed,  orders  were  given  by  a  Government  officer  to  put  the  helm 
hard  dawn  in  order  to  turn  the  ship  about,  thus  bringing  a  strain  upon 
the  propeller  and  shaft  15  per  cent,  greater  than  would  ever  be  required 
when  running  a  straight  course  under  full  power.    This  is  proper,  as  it 

*  See  page  23. 
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ig  important  to  have  a  war  ship  maneuver  and  turn  qnickly,  either  to 
retreat  or  to  attack  an  enemy.  In  a  merchant  ship  the  engine  is  slowed 
down  when  taming,  and  the  strain  is  ooneequently  reduced.  All  war 
steamers  should  be  provided  with  excra  strong  shafts  for  such  emer- 
gencies. 

Mr.  MoBGAN.  Who  is  building  the  engines  of  the  Atlanta,  Gliicago, 
and  Boston  f 

Mr.  BoAOH.  John  Boach  &  Son. 

Mr.  MoBGAN.  Of  what  material  will  the  shafts  be  madef 

Mr.  Boach.  Steel. 

Mr.  MoBGAN.  From  what  place  .or  places  were  the  ores  brought,  from 
which  the  steel  for  these  three  ships  was  made  f 

Mr.  Boach.  Principally  from  Lake  Ohamplain,  Virginia,  New  Jersey, 
and  North  Carolina. 

Mr.  MoBOAN.  Who  made  the  steel  and  rolled  the  plates  of  the  hulls 
of  these  ships  t 

Mr.  Boach.  Principally  John  Boach  &  Sou. 

Mr.  MoBGAN  Please  give  a  list  of  the  various  iron  and  steel  ships,  with 
their  tonnage  and  the  horse-power  of  their  engines,  which  have  been 
built  at  your  yards  at  Chester  since  you  began  such  work. 

Mr.  Boach.  The  following  is  a  list: 

Inm  and  itsel  ve^UU  built  hg  John  Roach  4- Son  at  Che$ttr,  Pa,,  from  1871  to  1864. 
[Legend:  P.,  propeller;  8.  W.,  vide-wheel]  T.  8.,  twin-aorew;  H.  P.,  lione-power.] 


Type. 

NameofTeeeel. 

Length 
over  aU. 

Beam. 

Depth. 

Groeaton. 
nage. 

P. 
p. 

CltyofPektog 

CitTof  Tokio. 

FL  in. 

419    0 
410    0 
841    6 
868    6 

868    6 
286    0 
286    0 
886    6 
862    0 
862    0 
852    0 
848    4 
840    4 
312    0 
206    0* 
820    0 
840    0 
888  10 
888  10 
820    1 
206    7 
846    0 
832    0 
800    0 
810    7 
810    7 

810  7 
816    8 
815    2 
815    2 
320    0 
808    0 
886    6 
818    6 
846    0 
200    0 
886  11 
286  11 
800    0 

811  8 
202    0 

.292    0 

FLin. 
47    4 

47  4 

48  0 
88    5 

88  5 
42    0 
42    0 
50    0 
40    0 
40    0 
40    0 
40    3 
40    8 
40    0 
60    0 
40    6 

89  0 

39  2 
89    2 
89    2 
42    1 
88    7 
38    4 

40  0 
40    9 
40    9 
40    0 
88    4 
88    4 
88    4 
88    0 
80    0 
38    6 
88    1 
40    8 
88  11 
40    6 
40    6 

88  1 

89  7 
88    1 
88    1 

FLin. 
87    8 

87  8 
84    bk 
80    8 
80    8 

S§ 

17    6 
80    6 
80    6 
80    6 
28    2 
28    2 
80    6 
17    0 
28    6 

27  8 

28  2 

88  2 
28    1 

27  8 
25    0 
25    1 
80    6 
25  11 

25  11 
2511 
24    7 
24    7 
24    7 
20    8 

28  10 

26  4 
24    0 
28    2 
28    7 

27  1 

27  1 
24  10 

28  5 
84  10 
94  10 

6.079.25 

4,500.00 

City  of  Rio  de  Janeiro 

3.548.80 

City  of  Para 

9^58125 

AtM^ntft., -...._. ,  _     _ 

8,50a00 

Boston 

8,500lOO 

aw 

Pilgrim 

8,488.66 

p. 

City  of  New  York 

3.010156 

p. 

City  of  Sydney 

8,01&46 

p. 

City  of  Ben  FnuicUoo 

3,008.25 

p. 

T/pihpAMa . 

£948.85 

p. 

Alamo .' 

8,948.85 

p. 

Collma 

2,905.64 

T.a 

United  Btatee  monitor  Pnriten 

2.886.00 

p. 

City  of  Anmista 

2, 87a  00 

p. 

Lonifiiana 

2,840.33 

p. 

Guadalape 

2.88&29 

p. 

SanMaroos 

2^819.20 

p. 

Colorado 

2,766.00 

p. 

Seneoa 

2,750.00 

p. 

Newport 

2^78&00 

p. 

Cnlnmbla ,  „  ,    ^    ,    , ,    ,    , .    _  , 

2,72100 

p. 

Colon 

2,714.00 

p. 

Sosoloo 

p. 

2,677.41 

p. 

2.676185 

p. 

Advance 

2^604.87 

p. 

Reliance 

2,6H0* 

p. 

Finance 

S608.08 

p. 

City  of  Washinston 

2.61&21 

p. 

Kio  Grande..... 

^56&48 

p. 

City  of  Alexandria 

^480. 88 

p. 

SaratogaNo.2 

M2&13 

p. 

Santa  Roaa 

2,416. 78 

p. 

Santiago 

2^  85a  78 

p. 

Gnyandotte 

2,854.58 

p. 

Roanoke 

S8S&5r 

p. 

^88&S8 

p. 

CienftiegOB 

S88100 

p. 

Niagara 

^268. 28 

p. 

Saratoga  No.  1 '. 

2^28586 
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/rofi  and  91^1  ve99eU  huUi  by  John  JRoaok  ^  Son  at  Cheater,  Pa.,fr<m  1871  to  1884--GonVd. 


Type. 

NameofTeMel. 

Length 
overall. 

Beam. 

Depth.  . 

Gross  ton- 
nage. 

P. 

WniaiMtte...      ....              .  XX. X 

886  10 
272   0 
820  11 
820  11 
272    0 
804  10 
804  10 
804  10 
278    0 
272    0 
262    8 
272    0 
288    4 
268    2 
282    8 
248    0 
246    0 
256    01 
258    0 
258    0 
244    0 
218    6 
100    0 
100    0 
288    7 
206    6 
221    0 
210    5 
240    6 
102    0 
216    8 
223    8 
228    8 
162    0 

184  10 

106  6 

107  6 
206    2 
166    0 
173    4 
186    0 

185  0 
08    8 

100  10 
78    0 
82  10 
82  10 
60    0 

88   2 
88    6 
40    6 
40    6 
88    6 
86    4 
86    4 
86    4 
42    8 
88    6 
66    0 
88    6 

80  6 
88    0 
86    0 
36    0 

85  8 

81  m 

86  0 
86    0 

86  0 

85  0 

82  0 
32    0 
84    0 
88    6 
80    0 

87  0 
82    6 

86  0 
84    2 
82    6 
82    6 
24    8 

88  6 
28    6 
28  11 
82    6 
28    2 
27    8 
20    6 
20    6 
18    1 
14    0 
16    0 
20    6 
20    6 
18    0 

28    2 
26  11 
«S    0 
28    0 
26U 
22    6 
22    6 
22    6 

25  4 

26  11 
16    6 
25  11 
14    6 
22  11 
22    0 
2111 
2111 
10    6| 

22  r 

22    3 
2111 

10  6 
16    8 

16  8 

17  6 

17  4 
21    2 

18  0 

11  7 
16    6 

12  11 
U    6 

11  6 
0    8 

14    0 
16    7 
18    4 
10  11 
18    2 
8    7 

12  2 
12    2 

6  11 

5  8 
8    6 

6  7 
G    7 
6    7 

2L26a00 

P. 
P. 

CityafColumbiM _ 

TTiiuitillA 

2,260.00 
2,18L48 

P. 

WAlfA-TfTnllA 

2,184.80 

P. 

CityotltMMm 

2,002.80 

P. 

Sftn  J<m4 

2,080.72 

P. 

R«a  ^n^n,., ,  X  X 

2,076.14 

P. 

Rft-n  BUm ....            X XX. 

2,076.00 

&.W. 

TllUe  S.  Starbnok 

2. 088. 00 

p. 

City  of  SavaiuiAh 

2,020l40 

T.a 

2,026u76 

p. 

Gate  City 

1.007.00 

S.W. 

Alikskan. 

1,717.00 

p. 

Gtooree  W.  Elder 

1.700.00 

p. 

sanintoido!:!:::::;:::::::::::::::::::;::::::;::::: 

1,605.00 

p. 

StAtAnfTA^M 

1,648L66 

p. 

Manhattan 

1,626l10 

p. 

Dolphin 

i.soaoo 

p. 

CAtj  of  Panama r 

1,480.24 

p. 

CAtj  of  Onat^fmala , 

1,487.30 

p. 

City  of  Waco 

1,486,21 

p. 

Cityof  Topeka 

1,284.00 

p. 

ITnlted  States  sloop  Alert 

1,24&00 

p. 

ITnlted  States  siooD  Huron 

1,246.00 

p. 

WMi^erD  Tf^xas 

1,12L12 

p. 

City  of  Chester 

1.106.21 

p. 

BrMkwater 

1,044.80 

p. 

Perkiomen 

1.065.35 

AW. 

Sirins 

888.81 

Brie .* 

061.00 

P. 

CAty  of  Palatka , 

882.77 

R.W. 

Cephens 

882.08 

H.W. 

Cygnns  

857.44 

Kewbeme 

846.00 

OardenCity 

825.55 

Bcvks 

653.00 

P. 

Yosemite 

481. 51 

Amasonia ........... 

457.20 

.TiM.nMir X X...X 

422.67 

EUas .....                 ,                                              ... 

200.80 

ni^n»1|ft 

14L88 

P. 

vinoc X    X       ...              

14L38 

Ancon i 

105.80 

aradosa 

72.00 

GeorseB.  Weed 

30.40 

Paoiflo  Mall  ooal  hanre 

142.00 

Paoifio  Mall  coal  ham... .' 

142.00 

P«4«»io  Mall irater barf e . 

04.00 

Total  tonnaffe 

170,870.30 

The  engines  for  these  ships  derelop  226,500  horse-power. 

In  bnilding  these  91  ships  there  was  made  for  them  about  360  shafts. 
I  have  also  made  maoy  shafts  for  other  bailders,  and  have  also  replaced 
shafts  Id  foreign  ships  which  have  come  into  the  port  of  ^ew  York  with 
broken  ones,  and  not  one  of  these  has  broken,  except  in  one  iiistance 
when  a  crank  pin  cracked.  These  shafts  were  made  of  the  best  Amer- 
ican wronght  iron  and  by  the  best  workmen,  and  their  success  convinces 
me  that  there  is  very  little  improvement  to  be  made  in  my  works  in  the 
construction  of  shafts.  There  is  no  similar  record  as  to  shafts  in  the 
world. 

Mr.  MoBGAN.  How  have  those  ships  answered  the  lines  of  service  for 
which  they  were  designed  t 

Mr.  SoAGH.  With  the  exception  of  four,  they  are  all  still  afloat  One 
was  burned  and  three  ran  ashore ;  but  the  best  answer  I  can  give  as  to 
their  service,  &c.,  is  the  following : 

I  have  built  23  ships  for  the  Pacific  Mail  Steamship  Companv  a&d  the  Brasil  Steam- 
ship Company,  with  a  tonnage  of  63,000  tons,  and  have  bnilt  for  the  coast  trade,  for 
C.  H.  Mallory  Sc  Co.,  12  ships,  with  a  tonnage  of  28,000;  for  the  Ocean  Steamship 
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Company,  6  Bhips,  with  a  tonnage  of  16,000 ;  for  Old  Dominion  Company,  7  shipe, 
with  a  tonnage  of  15,250. 

These  veaeels  were  bnilt  for  ub  by  Mr.  Roach,  all  of  them  having  componndengbieB, 
and  they  hare  given  ns  entire  satisfaction. 

J.  B.  HOUSTON,  Pres't  P.  M.  S.  8.  Co. 

JA8.  £.  WARD  &  CO. 

8.  W.  ROWELL,  Secretary  U.  S.  <k  B.  M.  S.  S.  Co. 

C.  H.  MALLORY  A,  CO. 

A.  L.  McCREADY,  Pres't  Old  Dominion  Co. 

Capt.  P.  C.  LEFEVRE,  Snp't  Ocean  S.  S.  Co. 

Mr.  Morgan.  If  the  proper  material  were  provided  for  armored  steel 
ships,  such  as  the  first-class  ships  in  the  British  navy,  could  they  be 
built  complete  with  their  engines  and  all  equipments,  except  guns,  in 
your  ship  yards!  i 

Mr.  EoACH.  Yes,  sir.  I  have  all  the  appliances ;  the  steel  plant  and 
all  the  blast  ftimaces  and  equipments  necessary  to  make  from  our  own 
American  ores,  lacking  only  the  extra  size  rolls,  steel  armored  plates 
equal  to  any  in  the  world.  Such  facilities  could  be  added  to  what  I 
have  at  present  for  making  steel  plates  equal  to  the  best  in  the  world 
at  a  cost  of  $350,000,  which  would  be  cheerfully  spent  if  some  permanent 
and  decided  policy  were  established  to  encourage  this  expenditure.  Then 
war  ships  equal  to  any  afloat,  in  speed  and  in  weight  of  armor,  could  be 
turned  out  complete,  except  the  guns. 

Mr.  Morgan.  If  a  proper  plant  were  provided  for  this  class  of  work, 
as  indicated  in  the  previous  question,,  what  would  be  the  percentage  of 
difference  in  the  cost  of  building  such  ships  complete  at  Chester,  Pa., 
and  on  the  Clyde  9 

Mr.  Roach.  It  is  hard  to  tell  what  the  difference  in  cost  would  be 
between  the  United  States  and  Europe,  for  the  necessities  of  the  case 
regulate  the  price  of  this  class  of  work  abroad.  If  it  became  known  that 
we  were  likely  to  need  war  ships  in  a  hurry,  and  had  not  the  facilities 
for  their  construction  at  home,  the  cost  would  probably  be  much  more 
than  what  would  allow  a  fair  profit  here.  I  would  be  willing  to  supple- 
ment my  present  facilities  with  the  rolls  and  all  other  modem  improve- 
ments, so  as  to  make  the  heaviest  steel  plates  and  to  turn  out  for  our 
Government  ships  equal  in  speed  and  weight  of  armor  to  any  in  the 
world,  building  them  entirely  from  our  own  mines  and  forests  and  with 
our  own  labor.  I  have  all  the  plant  except  the  rolls,  and  I  have  skilled 
labor  which  is  equal  to  any  in  the  world. 

Mr.  Morgan.  What  are  your  facilities  capable  of  producing  f 

Mr.  BoACH.  With  this  improvement,  and  no  delays,  caused  by 
changes,  I  could  turn  out  four  ships  a  year.  Though  the  machinery  is 
the  most  tedious  part,  I  have  ample  facilities  in  that  department,  and 
in  the  last  eighteen  months  I  have  built  more  heavy  engines  than  would 
be  required  for  four  war  ships. 

Some  system  which  would  give  builders  encouragement  by  warranting 
contracts  at  a  fair,  moderate  compensation,  say  a  profit  of  10  per  cent, 
(the  cost  of  making  the  armor  to  be  kept  by  the  Government,  and  this 
10  per  cent,  above  cost  to  be  paid,  and  the  right  to  make  all  experi- 
ments on  a  regular  profit  to  the  builder  of  10  per  cent,  over  cost  being 
also  reserved  by  the  Government),  would  be  much  more  economical  for 
the  Government  than  for  It  to  do  this  work  itself. 

The  best  illustration  of  the  necessity  for  this  course  is  afforded  by 
the  fact  that,  although  we  are  now  at  peace  with  the  world  and  not 
likely  very  soon  to  be  involved  in  war,  yet,  when  two  years  ago  Con- 
gress appropriated  money  for  the  manufacture  of  7-inoh  steel  armor  for 
the  U.  S.  S.  Miantonomoh,  and  it  was  advertised  tor  in  this  country, 
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uo  one  was  found  who  had  the  facilities  for  making  it.  Gonseqaently 
it  was  purchased  in  England  at  a  cost  mnch  larger  than  it  conld  have 
been  made  at  home  with  a  decent,  living  profit,  had  we  had  the  facilities 
for  rolling  it.  We  have  been  waiting  for  the  last  fifteen  months  for  the 
plating  of  this  little  ship ;  bnt  as  it  is  not  done  yet,  you  can  imagine 
what  onr  humiliation  would  be  in  an  emergency. 

Mr.  Morgan.  Please  state  anything  further  that  will  throw  light  on 
the  economy,  or  other  advantage,  of  building  war  ships  under  contract 
or  by  the  United  States  in  its  own  ship-yards. 

Mr.  BoAGH.  The  United  States  Government  has  no  plant  for  building, 
and  if  it  had,  it  conld  not  do  this  as  cheaply  as  outside  responsible  con- 
tractors. But  I  can  best  answer  this  question  by  citing  England's 
policy  with  all  her  great  navy-yards.  I  am  indebted  to  the  Office  of 
Naval  Intelligence,  Navy  Department,  for  the  following  valuable  and 
carefully  prepared  table.  In  it  will  be  found  the  percentage  of  the 
ships  and  engines  built  in  private  ship-yards,  compared  with  those 
built  in  her  Government  dock-yards. 
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BUILDING. 

Seven  torpedo  craisers,  same  class  as  '*  Scoat." 

One  gun-vessel,  same  class  as  "Swallow." 

Four  gnn-boats  of  about  600  tons  displacement. 

Also  32  more  ships  built  in  the  dock-yards,  and  7  built  in  the  private  yards. 

Vessels  about  to  be  laid  down  for  the  British  navy,  January,  1885 :  Four  iron-elads 
of  the  first-class ;  2  torpedo  rams  of  3,000  tons ;  5  bolted  cruisers  of  5,000  tons ;  7  scouts, 
from  1,400  to  1,500  tons;  30  torpedo  boats  of  the  first-class.     Total,  51. 

Besides  this  fleet,  |32.000,000  has  been  appropriated  to  build  50  vessels  to  be  finished 
in  the  next  three  years,  making  a  total  of  160  modem  war  vessels  built  since  the  close 
of  our  last  war.    Nearly  all  are  provided  with  modem  guns. 

Accyording  to  the  official  report,  England  has,  in  the  last  fourteen  or 
fifteen  years,  built  one  hundred  and  ten  iron  and  steel  war  ships,  all  with 
modern  engines,  and  this  at  a  cost  of  $120,000,000;  besides  this, 
$32,000,000  have  been  appropriated  for  the  construction  of  thirty  ships, 

.  &c.,  for  the  coming  year,  or  a  total  of  over  $150,000,000,  mainly  ex- 
pended within  the  last  eighteen  years,  or  since  the  termination  of  our 
civil  war.  Not  one  of  the  engines  for  this  fleet  was  built  in  Govern- 
ment yards,  but  all  of  these  and  half  the  hulls  were  built  by  private 
contract.  Yet  their  dock -yards  are  in  a  higher  state  of  efficiency  than 
ours,  and,  b^  very  little  influence  can  be  brought  to  bear  politically,  are 
managed  more  in  conformity  with  civil-service  rules  and  economy.  "We 
have  spent  our  money  patching  up  our  old  war  fleet,  and  as  we  have 
no  forts,  ships,  or  guns,  neither  have  we,  in  our  navy  or  private  yards, 
the  facilities  to  make  the  armor  to  cover  them. 

Had  our  Government  pursued  a  policy,  similar  to  that  of  England, 
of  encouraging  private  ship-building,  we  should,  with  our  skill,  energy, 
and  ability,  have  had,  long  ore  this,  the  facilities  to  do  all  that  is  needed. 
But  the  demoralizing  influences  of  political  power  are  seen  in  the  con- 
tinual interference  with  or  by  the  transfer  of  naval  officers  from  one 
place  to  another,  instead  of  retaining  their  services  in  any  one  yard  for 
any  length  of  time,  and  in  the  filling  up  those  yards  with  incompetent 
labor.  All  of  these  are  sources  of  evil  which  can  hardly  be  measured, 
and  no  private  establisliment  could  become  a  success  or  maintain  its 
high  efficiency  under  similar  circumstances.  Nor  does  the  Government 
pay  a  sufficient  compensation  for  the  talent  required.  I  pay  my  chief 
constructor  $7,500  a  year,  and  my  chief  engineer  a  similar  amount,  and 
both  have  been  with  me  for  fifteen  years.  I  could  not  conduct  my  busi- 
ness with  success  were  I  every  few  years  to  get  some  one  to  take  my 
place  and  change  my  leading  men.  No  matter  how  conscientious  my 
foremen  may  be,  they  do  not  take  the  same  interest  as  if  they  were 
owners  in  the  concern ;  and  no  matter  how  faithful  the  officers  in  your 
navy-yards  are,  the  yards  are  not  theirs,  and  under  such  circumstances 
they  cannot  compete  with  private  establishments. 

Mr.  Morgan.  What  progress  has  been  made  in  the  construction  of 
iron  and  steel  ships  in  this  country  during  the  last  fourteen  years! 

Mr.  EoACH.  There  were,  comparatively  speaking,  no  facilities  for 
building  iron  ships  in  this  country  in  1870.  A  few  iron  ships  were  built 
for  the  Government  during  the  war,  and  a  few  vessels  of  from  1,200  to 
1,500  tons  were  built  for  the  merchant  service,  but  in  the  most  expen- 
sive way,  owing  to  a  lack  of  facilities.  One  made  the  iron,  another  built 
the  hull,  another  the  joiner  work,  and  still  another  the  shafts,  and  so 
on.   Not  a  single  compound  engine  was  then  built  in  this  country.   Eng- 

.  land  built  them  for  herself,  and  for  all  that  needed  them.  So  little  con- 
fidence ha<l  our  merchants  here  in  our  ability  to  build  compound  en- 
gines that  they  asked  special  legislation  of  Congress  to  have  them  im- 
ported free  of  duty,  and  the  Navy  Department,  during  General  Grant's 
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first  term,  seut  the  chief  of  one  of  the  bureaus  to  England  to  buy  a 
compound  engine  for  the  United  States  steamer  Tennessee.  T  opposed 
this  policy,  and  explained  to  thedPresident  that  as  we  had  eight  navy- 
yards  and  a  few  private  workshops,  we  either  ougbt  to  build  those 
engines  at  home,  or  if  not  allowed  to  build  them  at  home,  we  ought  to 
import  the  man  to  teach  us  how,  as  we  had  the  material.  How  would 
the  American  mechanic  like  this  f  I  went  before  the  committee  of  Con- 
gress, opposed  the  policy  of  allowing  compound  engines  to  come  in  duty 
free,  defeated  the  measure,  and  proposed  to  the  Government  and  the 
merchants  to  build  the  compound  engines  they  required  at  the  English 
prices,  duty  added,  guaranteeing  results  equal  to  the  best  in  the  world. 
And  I  succeeded.  This  is  the  history  of  the  first  compound  engine 
built  in  America  for  ocean  service,  and  for  advocating  this  policy  of 
building  in  private  yards  the  free-traders  and  tho  politicians  around 
the  navy-yard  paid  particular  attention  to  me  through  the  press.  An 
American  company,  in  1872  contracted  for  three  pairs  of  compound 
engines  in  England.  The  price  paid  for  them  fi  ee  on  board  on  the  (.'lydc, 
without  freight  or  duty,  was  $95,000  each.  Since  then  I  have  built  for 
the  same  company  thirteen  ships  with  compound  engines  at  20  per  cent, 
less  than  the  English  price  in  1872.  England  at  that  time  had  the  mo- 
nopoly and  profited  by  it. 

Had  we  then  passed  the  law  allowing  compound  engines  \o  be  imported 
duty  free,  the  one  hundred  pairs  constructed  by  me,  from  our  own  ore 
and  by  our  own  labor,  would  not  have  been  built.  As  a  consequence, 
we  would  be  depending  on  England,  would  be  paying  her  more  than 
what  we  could  build  them  for  atliome,  and  today  would  be  not  only 
without  the  plant  and  skilled  labor,  but  have  to  ask  her  for  our  com- 
pound engines,  as  we  do  for  our  steel  armor  plates.  Besides,  in  build- 
ing these  engines  at  home,  we  have  educated  an  army  of  skilled  laborers, 
who  will  be  able  to  fill  our  navy-yards  when  needed  in  time  of  war. 

Mr.  >f ORGriLN.  What  is  the  present  condition  of  our  steam  merchant 
marine  f 

Mr.BoAOH.  It  is  veryeflBcient.  Of  the  ninety-one  ships  I  have  built  in 
my  yard,  fifty-three  are  between  5,200  tons  and  2,000  tons  burden ;  twenty- 
five  are  in  the  foreign  trade,  with  a  tonnage  of  63,000  tons,  and  have 
a  speed  of  from  12  to  15  knots  an  hour ;  the  remaining  thirty-eight 
have  a  tonnage  between  2,000  and  700  tons,  and  a  speed  of  from  12  to 
16  knots.  These,  with  what  have  been  built  in  other  yards,  would  make 
a  fleet  of  iron  ships  second  to  no  "other  nation's  but  England's,  and 
three-quarters  of  England's  fleet  of  iron  ships  have  only  a  speed  of  from 
8  to  11  knots.  England's  fa«t  merchant  marine  is  confined  to  her  mail 
and  passenger  ships,  and  those  which  do  her  cargo-carrying  are  so  very 
slow  that-as  cvuisers,  in  the  event  of  war,  they  would  not  compare  in 
speed  and  light  draught  with  our  ships. 

Mr.  MoRaAN.  What  benefit  would  our  merchant  marine  be  to  us  in 
case  of  war  ! 

Mr.  EoAOH.  Our  merchant  marine  would  bear  the  same  relation  to 
our  Kavy  that  the  militia  does  to  our  Army,  costing  the  nation  little  in 
time  of  peace,  though  forming  a  great  power  in  war.  Our  merchant 
marine  should  be  our  militia  for  the  sea,  ready  at  a  day's  notice  to  be 
called  on,  with  its  organized  captains,  engineers,  and  crews.  The  modern 
manner  of  conducting  war  is  difl'erent  from  that  of  former  days.  A  na- 
tion with  home  ports  well  protected  must  next  protect  her  ships  on  the 
high  seas.  England's  shipping  may  be  well  compared  to  our  trunk 
railroads,  for  as  an  enemy  by  destroying  England's  cargo  fleet  would 
cut  off  her  means  of  bringing  produce  to  market,  so  if  a  hostile  force 
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were  to  destroy  oar  railroads  the  same  effect  woald  obtain  with  as. 
England  has  no  home  raw  material  except  iron  and  coal,  and  as  she  can- 
not raise  wheat  enouprh  to  supply  hei^wn  demands,  her  condition  urith 
this  interest  seriously  menaced  can  easily  be  imagined,  more  particu- 
larly as  the  greater  portion  of  her  fleet,  which  is  very  slow,  would  be 
helpless  when  brought  in  contact  with  faster  vessels.  It  would  be  a 
wise  policy  for  our  Government  to  offer  some  inducement  to  American 
capitalists  to  build  lines  of  very  fast  steamers,  manned  by  Americans, 
and  to  open  trade  with  such  countries  as  require  our  products.  These 
lines  would  make  a  powerful  navy  in  themselves  to  attack  an  enemy's 
commerce. 

The  ships  built  in  my  yard  alone  would,  with  their  great  speed,  and 
if  well  manned,  be  of  more  dread  to  a  nation  having  a  large  commerce 
on  the  sea,  ip  case  of  war  than  would  our  whole  existing  navy. 

Mr.  MOEGrAN.  How  does  the  cost  of  iron  ships  compare  now  with  the 
cost  when  you  commenced  building  them  14  years  ago? 

Mr.  Roach.  Iron  ships  are  built  now  for  less  than  ocean-going  wooden 
steamships  were  before  the  war,  and  for  less  than  they  were  bnilt  in 
England  in  L870. 

Mr.  Mobgan.  Has  this  been  produced  by  a  reduction  in  the  price  of 
labor ! 

Mr.  Boaoh.  Not  to  any  great  extent.  When  I  commenced  building 
iron  ships  I  examined  the  whole  field,  both  here  and  in  England,  and  T 
found  that  there  was  not  a  single  establishment,  either  in  England  or  in 
this  country,  which  then  built  a  ship  com])lete  in  itself.  One  party 
built  the  hull,  another  constructed  the  engines,  another  made  the  shafts, 
another  did  the  joiner  work,  another  the  painting,  another  the  copper 
work,  plumbing,  &c.,  so  that  as  it  took  six  or  seven  different  parties  to 
complete  a  ship,  a«  many  more  managers  and  superintendents  were  re- 
quired. I  desired  to  organize  one  establishment  in  which  I  could  build 
complete  ships,  from  the  ore  uj),  though  nothing  of  this  kind  was  ever 
done  in  England  or  this  country.  And  yet,  before  the  war.  New  York 
built  four-fifths  of  all  the  ocean  steamers  which  were  constructed  in 
America. 

There  were,  then  in  New  York  and  Brooklyn,  seven  yards  and  five 
large  marine  engine  shops,  one  large  forge,  several  joiner,  paint,  and 
coppersmith  shops,  all  with  a  capital  invested  in  lands,  buildings,  and 
tools,  of  not  less  than  $6,000,000.  I  decided  that  with  improved  ma- 
chinery one  yard  could  be  established  under  one  management,  and  with 
one-quarter  the  (capital,  which  would  produce  more  work  than  all  the 
other  yards  combined.  In  twelve  years  the  tonnage  of  the  ships  I  have 
built  has  amounted  to  more  than  all  the  other  yards  referred  to  turned 
out  in  any  twelve  years  that  they  were  in  existence. 

Mr.  Morgan.  To  this,  then,  you  attribute  the  reduction  in  the  cost 
of  the  ships  f 

Mr.  EoACH.  This  had  much  to  do  with  it. 

Mr.  Morgan.  What  else  helped  to  reduce  the  costt 

Mr.  RoAcn.  When  I  began  iron-ship  building  I  sent  a  man  to  Eng- 
land to  study  their  improvements,  and  I  found  that  iron  ships  were 
built  there  just  as  we  were  building  wooden  ones — that  is,  five  or  six 
establishments  were  required  to  <;oniplete  a  ship.  The  plates  then 
used  lor  a  ship  were  peiiorally  12  fe(»t  long:  by  4  feet  wide,  or  a  surface 
of  4(S  square  I'ect  in  a  j/.ati';  and  when  a  buckler  wanted  a  plate  larger 
than  this  the  mill  owner  would  charge  an  extra  price  for  it.  As  I  de- 
cided at  once  to  build  n)y  own  mill,  and  to  make  the  plates  to  suit  my- 
self, I  rolled  the  plates  lor  shell  ol  ship  o  leet  by  14  feet,  or  with  70 feet 
of  surface,  against  the. English  J&ieet^  and  thus. saved  at  onoe  over  40 
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pet  cent,  in  planing,  chipping,  calking,  and  punching.  I  made  my  deck 
plates  18  feet  by  6  feet,  or  with  90  feet  of  surface ;  this  plan  made  a 
better  ship,  for  there  were  fewer  butts  to  strain,  and  it  reduceil  the 
cost  of  iron-ship  building  very  largely  without  reducing  labor.  Of 
course  other  mills  improved  in  the  same  manner,  and  ship  plates  can 
now  be  made,  by  several  American  mills,  suitable  for  those  required  by 
the  ship  builder.  This  change,  while  reducing  the  cost  of  the  ship,  did 
not  reduce  labor. 

The  committee,  I  believe,  are  looking  into  our  present  means  of  de- 
fense, and  to  what  extent  we  are  capable  of  creating  this.  Let  me  say 
that  we  have  the  material  and  skilled  labor,  but  not  the  plant.  It  may 
be  interesting  to  the  committee  to  know  what  other  nations  are  doing 
in  the  construction  of  armored  ships  for  their  coast  defense,  and  for  the 
attacking  of  cities,  &c.,  on  an  enemy's  coast. 

England,  as  I  have  already  shown,  has  constructed  in  the  last  sixteen 
years  a  fleet  of  powerful  iron-clads  and  war-ships,  costing  $120,000,000, 
and  for  the  coming  year  has  appropriated  $30,000,000,  making  a  total 
of  $150,000,000.    Many  of  these  ships  cost  over  $3,000,000  each. 

France,  in  the  same  time,  has  built  five  ships  of  a  very  powerful  class, 
costing  $14,000,000,  and  sixty  armored  ships,  at  an  expenseof  $75,000,000, 
or  a  total  of  $89,000,000. 

Eussia  has  built  5  armored  ships  at  a  cost  of  $7,025,000,  and  one,  the 
Peter  the  Great  cost  $2,800,000.  Besides  she  has  built  25  armored 
ships  and  43  unarmored  ships  and  gunboats  at  a  cost  of  $35,460,000, 
or  a  total  $45,285,000. 

Italy  has  built  in  the  Duilo  class  the  most  powerful  iron-clads  afloat ; 
5  of  this  class  cost  $18,500,000.  She  has  also  built  10  armored  ships  at 
a  cost  of  $9,500,000.    That  is  a  total  of  $28,000,000. 

Germany  has  built  5  modern  war  ships  of  the  King  Wilhelm  class,  at 
a  cost  of  $9,330,000 ;  10  armored  ships  at  a  cost  of  $9,450,000 ;  21  ar- 
mored ships  at  a  cost  of  $15,167,000 ;  36  unarmored  ships  at  a'cost  of 
$12,000,000;  or  at  a  total  cost  of  $45,947,000. 

Austria  has  built  32  of  the  modern  class,  costing  $19,000,000. 

Turkey  has  built  13  armored  and  5  unarmored,  at  a  cost  of  $17,300,000. 

Add  together  what  these  nations  have  expended  for  the  construction 
of  modern  war  ships,  and  it  will  be  seen  that  this  reaches  the  enormous 
sum  of  $394,532,000. 

If  any  of  these  nations  were  to  send  a  fleet  of  these  powerful  iron- 
clads over  here,  it  could  pass  any  of  the  defenses  we  provide  for  our 
cities,  as  we  have  no  forts,  ships,  nor  guns  which  could  stop  it. 

What  has  the  United  States  done  in  the  same  time?  In  1873 
$3,200,000  were  appropriated,  and  with  this  amount  compound  engines 
were  built  and  put  into  the  wooden  hulls  which  remained  unfinished  in 
the  navy-yards  after  the  war,  and  the  wooden  steam  frigate  Trenton 
was  built.  This  amount  and  the  $2,400,000  for  the  four  cruisers,  or 
$5,600,000  in  all,  constitute  the  appropriations  which  have  been  made 
for  a  modern  navy.  Congress  has  continually  refused  to  take  the  first 
step  toward  the  building  of  a  modern  navy.  When  the  war  closed  our 
Navy  consisted  of  vessels  built  without  any  regard  to  the  requirements 
of  a  future  fleet.  When  the  required  ships  were  constructed,  com- 
pound engines  were  not  in  use.  The  timber  was  in  the  forest,  was 
cut,  and  put  into  the  ship  green;  consequently  the  ships  rotted  very 
soon.  When  the  war  closed  we  had  not  a  single  modern  war  ship. 
What  we  had  were  very  slow,  were  very  large  consumers  of  coal,  and 
fitted  with  engines  of  old  type.  England,  France,  or  Germany  would 
not  have  taken  them  as  a  gift  on  the  conditions  that  they  would  keep 
them  in  repair  as  we  have  done. 
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Congress  passed  laws  allowiDg  from  20  to  40  per  cent,  of  the  first  cost 
of  the  ship  to  be  expended  upon  her  repairs ;  aij^  yet  no  man  coald  be 
found  who  would  give  for  them,  after  they  were  repaired,  the  cost  of 
repairing.  The  excuse  was,  if  you  don't  build  a  new  navy  you  must 
give  us  something  with  which  to  repair  our  old  one.  We  must  show 
our  flag  upon  the  sea^. 

That  would  be  well  enough  in  time  of  peace,  but  these  patched-ap 
vessels  for  war  purposes,  without  armor,  speed,  and  modem  ^uub, 
would  only  be  death-traps  for  the  brave  officers  and  sailors  who  would 
go  in  them  to  meet  the  tieet  of  any  other  nation. 


UNIOH  IBOH  WOBKS,  CALIFOBNIA. 

STATEMENT  OF  MB.  IBVING  M.  SCOTT. 

San  Francisco,  Cal.,  September  27, 1884. 

Mr.  Morgan.  What  is  your  full  name! 

Mr.  Scott.  Irving  M.  Scott. 

Mr.  Morgan.  How  long  have  you  resided  in  San  Francisco  ! 
•  Mr.  Scott.  Twenty -four  years. 

Mr.  Morgan.  What  has  been  your  calling! 

Mr.  Scott.  That  of  foundryman  and  iron  manufacturer  in  its  vari- 
ous branches,  and  in  additioy  for  the  last  three  years  I  have  been  en- 
gaged in  making  pig-iron  from  the  native  ores. 

Mr.  Morgan.  What  facilities  have  you  in  your  establishment  at 
present  for  building  steel  or  iron  ships  ! 

Mr.  SooTT.  We  have  every  facility,  in  the  Union  Iron  Works  at  San 
Francisco,  required  for  building  steel  or  iron  ships,  and  supplying  them 
with  the  motive  power,  and  with  furniture  and  fixtures. 

Mr.  Morgan.  Are  you  now  engaged  in  building  ships  f 

Mr.  ScoTT.  We  are  building  an  iron  caisson  for  the  Government  dry- 
dock  at  Mare  Island,  and  a  steel  collier  for  the  Newport  Goal  Gompauy. 

Mr.  Morgan.  From  what  source  do  you  get  the  steel  f 

Mr.  Scott.  At  present  from  the  Pacific  Boiling  Mills,  next  door  to 
our  works. 

Mr.  Morgan.  Where  are  the  keel  bars  and  stern  i)ost«  made  and  of 
what  size  are  they  ! 

Mr.  Scott.  The  ingots  are  made  at  the  Pacific  Rolling  Mills.  The 
keel  bars  are  7^  inches  deep  and  2^  inches  thick,  by  200  feet  long,  in 
four  lengths.  The  stern  post,  which  carries  the  rudder  and  propeller, 
is  considered  a  very  difQcult  piece  of  forging  to  make,  the  most  difQcult 
about  a  ship,  and  the  one  you  saw  at  the  works  is  as  good  as  I  ever  saw 
in  any  part  of  the  world;  they  can  be  and  are  made  by  the  Pacific 
Rolling  Mills  as  cheap  as  we  could  get  them  anywhere  in  the  world. 
All  the  T  irons  and  angles  used  in  the  ships  are  of  the  best  grade  of 
steel,  and  this '  steel  is  made  in  a  Siemens  and  Martin  open-hearth 
furnace,  in  San  Francisco. 

Mr.  Morgan.  Where  do  they  get  the  metal  t 

Mr.  Scott.  In  their  experiments  they  have  tried  metals  from  Roach's 
establishment,  at  Ghester,  Pa.,  and  some  imported  from  England,  and 
some  from  different  parts  of  the  United  States;  and  they  have  experi- 
mented with  iron  made  in  Placer  County,  California;  also  iron  made 
by  the  Pnget  Sound  Iron  Company ;  also  with  Oswego  iron  from  Port- 
land, Oregon.  In  their  experimeutw  they  have  reported  to  me  that  the 
ores  and  iron  from  the  California  Iron  and  Steel  Company  in  Placer 
County*  is  of  a  quality  that  enables  them  to  manufacture  good  steel 
without  any  ailmixture  of  any  other  ore;  and  they  find  their  best  re- 
sults in  steel  making  from  the  California  ores. 

Mr.  Morgan.  In  what  quantity  can  they  use  the  metal  in  their  fur- 
naces f 

Mr.  Scott.  With  their  present  facilities  they  can  make  steel  castings 
of  20  tons.    They  can  add  other  furnaces  in  about  three  months  by 

*  Only  mine  in  California  being  worked.  C.  G.  Tale.  C  Mineral  Resonrces/'  1883- 
1884,  A.  Williams,  jr.) 
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which  they  will  be  enabled  to  make  a  casting  of  120,000  poands  in  ati« 
piece.    •    •    • 

Mr.  MoBaAN.  Before  going  into  a  more  minute  inquiry  upon  the  sub- 
ject of  production  of  steel,  I  will  ask  you  about  the  fuel  along  this  coa^t. 
Is  it  easily  available  f 

Mr.  Scott.  It  is  available  from  the  sea  or  by  railroad. 

Mr.  Morgan.  I  will  be  glad  to  have  as  full  an  information  as  your 
knowledge  permits  on  this  subject. 

Mr.  SooTT."  As  far  as  the  native  coals  of  California  are  concerned  we 
have  no  true  coals,  as  yet  discovered — nothing  but  brown  lignites — 
which  answer  for  ordinary  fuel  purposes.  Take  the  value  of  Cumber- 
land coal  as  being  95,  the  value  of  California  lignites,  for  steam  pur- 
poses, would  be  45  or  55.  The  coals  of  Oregon  are  of  better  quality 
and  are  improving — the  discoveries  gefr  better  every  year.  The  coals 
of  Washington  Territory  are  still  better,  and  we  have  the  promise  of 
being  able  to  get  a  good  coking  coal.  We  now  produce  average  coal 
for  use  in  the  ordinary  course  of  machine  work.  The  Carbon  Hill  coals 
of  Seattle  make  good  coke.  There  is  also  some  anthracite  coal  on  Queen 
Charlotte's  Island,  and  120  miles  inland  from  Guaymas.  The  following 
tables  give  the  exact  quantity  and  value  of  coals  obtainable  in  San 
Francisco : 
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Mr.  Morgan.  Where  is  Queen  Charlotte's  Island! 

Mr.  Scott.  Off  the  coast  of  British  Columbia,  between  latitude 
580  and  65o  and  longitude  135o  and  I30o.  We-  are  also  accessible  to 
the  coal  markets  of  the  world.  Australia  furnishes  good  coal,  and 
we  get  coal  from  Cardiff,  Wales.  We  get  the  best  fuel  coals  from  Aus- 
tralia ;  but  while  we  do  not  produce*  such  coal  here,  our  coal  for  steam 
and  for  some  manufactures  is  goodl*.    The  progress  of  manufacture  is 
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fetich  as  to  indicate  that  the  g^as  made  from  coal  will  do  more  work  than 
the  coal  itself,  and  this  may  increase  our  advantages.  In  addition  to 
this  we  have  large  deposits  of  oil — petroleum — which  we  look  upon  as 
the  future  source  of  supply  for  good  fuel,  and  these  things  are  within 
reach  at  fair  prices,  and  will  be  developed  as  rapidly  as  circumstances 
permit. 

Mr.  MoEGAN.  What  is  the  relative  cost  of  transportation  of  coke  and 
coal  from  Philadelphia  or  New  York  and  Cardiff! 

Mr.  Scott.  The  cost  is  about  the  same.  We  sometimes  get  coal  as 
low  as  $8  a  ton  from  Kew  York,  and  again  it  is  as  high  as  $12 ;  we  can 
get  it  transported  from  Cardiff  at  about  $8.  The  cost  of  transportation 
from  Australia  depends  upon  whether  the  ships  come  for  wheat  or  not. 
When  a  ship  comes  for  wheat  she  brings  coal  as  ballast,  and  sells  it 
from  $6  to  $8  per  ton.    The  prices  fluctuate. 

Mr.  Morgan.  Are  any  coals  brought  from  the  Aleutian  Islands  ? 

Mr.  Scott.  No,  sir. 

Mr.  Morgan.  Or  from  Japan  t 

Mr.  Scott.  Not  to  any  extent.  There  is  a  little  in  the  southwestern 
part  of  the  island,  but  it  is  not  developed.  There  are  all  kinds  of  min- 
erals in  Corea,  but  they  are  not  yet  made  available  to  the  outside  world. 

Mr.  Morgan.  How  do  you  produce  your  pig- metal  in  Calfornia  ! 

Mr.  Scott.  The  production  of  pig-metal  in  California  is  conducted 
entirely  with  charcoal ;  the  charcoal  is  made  of  oak  and  what  is  known 
as  scrub  pine,  and  costs  at  the  furnace  from  8  to  11  cents  a  bushel.  The 
average  cost  is  about  11  cents.  lu  the  ores  that  the  California  Iron  and 
Steel  Company  used  in  manufacturing  8,000  tons  of  pig  there  has  been 
an  average  of  100  bushels  of  coal  to  the  ton  of  iron,  and  a  yield  of  53 
per  cent,  of  iron  to  the  ton  of  ore.  There  is  more  ore  in  sight  at  the 
bottom  of  the  shaft  than  ever  before  in  the  history  of  the  mine,  and  it 
is  better  than  when  prospected  on  the  surface. 

Mr.  Morgan.  Is  limestone  abundant  that  can  be  used  for  fluxing  ? 

Mr.  Scott.  California  is  full  of  limestone  suitable  for  the  purposes  of 
agriculture.  Plenty  of  the  mines  are  pure,  but  not  all  suitable  for  flux- 
ing. But  we  have  anything  you  want  in  the  way  of  fluxes,  and  in  great 
abundance. 

Mr.  Morgan.  Are  the  forests  of  pine  and  other  woods  situated  con- 
veniently to  the  ore  beds  t 

Mr.  Scott.  Very ;  the  early  selection  of  timber  land  was  made  with 
a  view  to  lumber.  Along  the  foot- hills  and  the  streams  where  the  flumes 
are,  there  this  land  has  been  taken  up,  leaving  great  bodies  of  inferior 
timber  near  the  ore  beds  suitable  for  charcoal. 

Mr.  Morgan.  Does  the  country  reproduce  timber  when  cut  down  ! 

Mr.  Scott.  Bapidly ;  the  tendency  is  to  produce  forests.  The  land 
where  the  timber  has  been  cut  down  is  kept  for  agricultural  purposes. 
That  in  the  foot-hills  is  valuable  for  grape  purposes.  The  suppression 
of  fires  also  has  a  tendency  to  produce  forests.  The  capacity  of  Cali- 
fornia for  this  description  of  fuel  is  practically  inexhauatible.  I  will 
state  further,  from  intimate  knowledge  of  the  subject,  that  we  can  sup- 
ply any  demand  that  may  be  made  from  any  source  whatever  for  char- 
coal iron. 

Mr.  Morgan.  These  ores  lie  west  of  the  Sierra  Nevada  Mountains. 

Mr.  Scott.  There  is  no  county  in  the  State  that  is  without  some 
supply  of  ores. 

Mr.  Morgan.  Do  these  ores  run  high  in  phosphorus  and  sulphur  f 

Mr.  Scott.  It  exists  in  traces  in  many — some  run  2  per  cent.  The 
ores  of  the  California  Iron  and  Steel  Company  go  less  than  one-quarter 
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of  1  per  cent,  of  snlpbur,  and  no  phosphoras.    We  have  broken  and 
drilled  the  pig-iron  and  assayed  the  drillings. 

Mr.  Morgan.  We  would  infer  from  that  that  the  best  qnalities  of 
the  steel  and  iron  of  California  are  free  from  phosphoms  and  snlphnr. 

Mr.  Scott.  Yes,  sir ;  good  steel  cannot  be  made  where  phosphoras 
exists  in  large  quantities,  though  a  great  change  has  taken  place  since 
the  introduction  of  the  basic  process. 

Mr.  Morgan.  Is  there  any  real  difficnlty  in  transporting  or  sending 
these  4>res  to  the  Bay  of  San  Francisco  from  these  different  places  t 

Mr.  Scott.  ]So,  sir.  In  my  judgment  the  proper  thing  woald  be  to 
erect  the  furnaces  at  tide- water,  have  deep-sea  ships  bring  coal,  coke, 
or  oil  to  the  whart*,  and  have  fixed  prices  for  the  iron  ores  of  certain  per 
cent,  delivered  at  the  furnaces.  There  are  many  localities  in  which 
good  iron  ore  is  found  in  California,  and  we  can  produce  anything  yon 
wish  in  the  shape  of  charcoal  iron. 

Mr.  Morgan.  You  spoke  of  iron  and  steel  manufacture  in  other 
countries;  will  3'ou  give  some  statement  of  your  own  observations  in 
other  parts  of  the  world,  that  is,  a  general  statement  f 

Mr.  Scott.  In  February  of  18S0  I  left  San  Francisco  on  a  trip  of 
pleasure  and  observation,  and  my  special  attention  was  drawn  to  the 
manufactures  of  iron  and  steel.  The  next  prominent  object  of  my  travel 
was  to  examine  the  tools  and  other  api)liancesof  the  manufactures  of  the 
different  parts  of  the  world,  for  the  purpose  of  erecting  in  San  Francisco 
one  of  the  most  complete  plants  in  the  world.  That  plant  is  now  in 
operation  in  San  Francisco. 

Mr.  Morgan.  Was  there  anything  in  Japan  or  China  or  India 
capable  of  supplying  commerce  or  the  governments  there  with  heavy 
guns,  or  steel  or  iron  ships,  engines,  or  their  necessary  appointments  f 

Mr^  Scott.  No,  sir ;  none  at  all.  Practically  from  the  Red  Sea  to 
Japan,  all  Asia  is  supplied  by  Europe  or  America.  •  •  •  America 
has  the  foundation  to  supply  that  part  of  the  world  and  ought  to  do  it, 

Mr.  Morgan.  Is  there  anything  in  South  America  that  can  be  called 
a  successful  iron  and  steel  manufactory  f 

Mr.  Scott.  No,  sir ;  none ;  judging  from  the  fact  that  their  locomo- 
tives and  ice  machinery  and  milling  machinery  all  come  from  other 
countries.  Some  of  their  mills  have  been  supplied  from  this  State.  I 
believe  there  are  also  no  works  in  Mexico.  During  my  examination  of 
the  works  in  Europe  I  found  no  facilities  of  a  national  character,  or  of 
size  conspicuous  enough  to  spend  much  time  on  until  I  came  to  Essen, 
.Ehenish  Prussia.  In  Belgium  I  saw  the  greatest  mechanical  skill  in 
all  mining  appliances,  and  they  might  be  called  the  Yankees  of  Europe. 
I  saw  no  country  possessed  of  knowledge  in  ship-building  to  compare 
with  the  Clyde  Scotchmen,  and  at  Aberdeen;  and  no  establishment 
superior  to  Schneider  &  Co.  at  Le  Creusot.  In  all  the  countries  I 
visited  I  saw  no  manufacture  of  steel  or  iron,  which,  with  the  money  to 
pay  for  it  and  the  time  to  construct  it,  I  would  hesitate  to  attempt. 
American  mechanics  are  equal  to  any  demands  that  can  possibly  be 
made  by  the  Government,  or  from  any  other  source. 

Mr.  Morgan.  What  is  the  leading  description  of  manufacture  at 
Essen  ? 

Mr.  Scott.  Steel  materials  and  guns  for  the  German  Government 
Guns  first,  and  large  steel  shafts  for  the  world.  *  They  used,  for  putting 
their  ingots  into  shape,  a  large  hammer,  of  50  tons  capacity,  built  in 
1859,  and  costing  $560,000.  They  are  now  building  a  hammer  that  will 
strike  a  blow  of  150  tons,*  whose  foundations  will  cost  $1,000,000,  and 
the  whole  structure  in  the  neighborhood  of  $2,500,000. 


*  See  page  466.    (Chairman.) 
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There  is  nothing  aboat  them  which  we  cannot  overcome;  the  skill 
and  knowledge  that  is  required  to  construct  the  heaviest  ordnance  can 
be  obtained  in  our  own  country.  At  the  works  of  Le  Creusot  they  have 
no  larger  facilities  than  Krnpp.  They  have  one  100-ton  hammer  and 
one  of  40  tons,  and  they  have  some  wonderful  products  in  the  way  of 
sheet  iron  and  steel  which  showed  the  skill  of  the  workmen  and  the 
accuracy  of  their  machines.  The  Whitworth  hydraulic  forging-press  is 
used  in  place  of  the  steam-hammer  at  the  Whitworth  works  in  England. 

Mr.  Morgan.  Which  method  of  compressing  is  the  bfest,  in  your 
opinion! 

Mr.  Scott.  The  hydraulic  compressor;  it  leaves  a  more  uniform  text- 
ure and  a  denser  product  than  the-hammer;  the  pressure  can  be  con- 
tinued longer,  and  is  more  effective  than  the  blow  from  a  hammer.  In 
the  future,  I  think,  gas,  made  from  coal  or  oil,  will  be  used  for  heating 
and  Sir  Joseph  Whitworth's  hydraulic  press  for  forging. 

Mr.  Morgan.  What  is  your  view,  founded  upon  observations  of  your 
own,  as  to  the  relative  cost  of  a  hammer  of  the  greatest  power  and  of 
an  hydraulic  compressor  of  equal  power! 

Mr.  Scott.  In  Krupp's  works  the  statistics  can  be  obtained.  A 
hammer  to  ibrge  an  ingot  of  steel  for  an  160-ton  gun  would,  with  its 
accessories,  probably  cost  $3,000,000;  while  an  hydraulic  compressor, 
would  cost  not  more  than  $300,000;  furnaces  and  cranes,  $550,000; 
total,  $850,000. 

Mr.  Morgan.  Which  do  you  think  is  the  cheaper  machine  to  work 
in  handling  heavy  masses  of  steel,  the  hammer  or  the  compressor! 

Mr.  Scott,  The  compressor.  Our  experience  for  ten  years  has  shown 
that  an  hydraulic  machine  is  preferable  to  a  rotary  machine.  We  have 
one  for  punching,  shearing,  and  pressing  into  shape  all  the  parts  of 
boiler  plates.  It  is  as  complete  and  economical  as  to  time,  and  is  no 
more  costly;  it  leaves  a  greater  density  to  the  materials  because  the 
fibers  arrange  themselves,  while  being  compressed,  in  their  natural 
order.  The  progress  of  the  mechanic  arts  points  to  the  use  of  hydraulic 
compressors  in  place  of  hammers.  We  use  hydraulic  power  for  almost 
everything.  Even  the  doors  of  our  establishment  are  opened  and  shut 
by  it.  The  cost  of  operating  hydraulic  machines  is  not  as  great  as  that 
of  running  a  rotary  machine,  and  the  tools  are  much  cheaper.  A  rotary 
punch,  for  punching  a  hole  through  half-inch  steel  plate  would  weigh 
19,000  pounds,  while  the  hydraulic  device  would  weigh  about  7,000 
pounds.  It  can  be  placed  in  any  suitable  position,  and  would  only 
require  a  small  pipe  leading  to  it,  while  the  other  would  have  to  be  in 
a  convenient  position  to  belt  on  from  a  rotating  shaft;  at  present  we 
lead  an  hydraulic  pipe  from  our  accumulator  over  to  our  wharf  and  ship- 
yard, and  there  arrange  our  punch  to  suit  our  purpose,  near  to  the  work 
at  hand.  The  distance  is  600  feet,  but  it  can  be  carried  just  as  well 
6,000  feet.  Another  great  point  is,  that  when  we  are  not  using  a  tool 
we  are  not  expending  any  power,  while  in  all  rotary  machines  the 
counter-shafts  to  which  they  are  bound  continue  to  rotate,  the  friction 
of  which  is  a  constant  use  of  power. 

Mr.  Morgan.  Is  there  any  concealed  art  or  knowledge  in  respect 
to  the  handling  of  metals,  so  that  hydraulic  compressors  are  not  gen- 
erally available  to  the  skillfuj  and  scientific  manufacturer  of  metals  ! 

Mr.  Scott.  2^one  whatever.  The  keystone  of  the  hydraulic  com- 
pressor  is  strength.  The  amount  of  power  required  to  compress  an  in- 
got  weighing  160  tons  is  simply  a  matter  of  calculation.  You  first  have 
got  to  get  a  press  that  will  stand  the  required  pressure,  then  you  put 
on  the  i>ower  and  make  the  desired  result. 
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Mr.  Morgan.  I  suppose  you  have  bad  an  opportunity  to  test  the  rel- 
ative strength  of  shalt«  made  by  compressors  and  those  made  by  ham- 
mers? 

Mr.  Scott.  We  have  tested  the  relative  quality  of  shafts  made  under 
hammers  and  under  rolls.  In  every  case  where  the  rolled  iron  was 
made  under  rolls  of  sufficient  size  the  rolled  shaft  has  been  more  homo- 
geneous and  more  reliable  than  the  hammered.  It  is  a  well-known  fact 
that  no  hammered  solid  shaft  of  14  inches  or  upward  is  ever  solid  in 
the  center.  •  You  can  find  soft  or  spongy  places  as  big  as  your  hand  in 
the  best  of  them.  The  steel  shafts  for  the  steamship  City  of  Borne 
were  cast  with  a  hole  right  through  the  center.  They  were  of  east- 
steel,  and  were  rolled  after  being  cast,  so  as  to  press  them  aind  make 
them  more  dense  and  uniform.  I  did  not  see  the  rolling  but  they  went 
rolled.* 

Mr.  Morgan.  Would  you  be  willing  to  take  a  contract  for  the  baiid- 
ing  of  an  hydraulic  compressor  here,  of  sufficient  capacity  to  make  ma- 
terial for  guns  on  the  Krupp  system  of  100  tons  weight! 

Mr.  Scott.  We  would  be  glad  to  have  the  contract,  and  we  would 
have  no  doubt  in  undertaking  the  contract  for  so  large  an  affair.  There 
id  no  doubt  about  our  capacity  to  build  as  large  a  gun  as  could  be  done 
in  any  part  of  the  world.    We  are  confident  in  our  capacity. 

Mr!  Morgan.  Would  you  go  so  far  as  to  say  that  in  putting  up  such 
machinery  as  we  have  been  talking  about  you  could  do  it  entirely  with 
Californ  ia  material  T 

Mr.  Scott.  Yes,  sir. 

Mr.  Morgan.  Of  course  you  mean  that  you  would  have  to  bring 
your  fuel  from  elsewhere  t 

Mr.  Scott.  In  making  the  appliances  and  constructing  the  instru- 
ments we  might  be  obliged  to  use  some  materials  from  the  other  side 
of  the  continent  of  America,  but  when  once  constructed  California  can 
supply  everything  without  going  abroad  for  a  single  thing.  We  might 
have  to  go  to  the  Atlantic  States  for  the  raw  materials,  such  as  coal  or 
^ke  and  tool  steel,  for  the  manufacture,  but  could  construct  all  the 
necessary  tools  in  California  which  would  be  required  to  make  such  a 
compressor,  and  then  we  could  construct  the  compressor  here,  and 
would  not  have  to  go  outside  of  the  State,  except  as  a  matter  of  choice. 

Mr.  Morgan.  Would  you  consider  it  a  fair  profit  if  you  were  allowed 
the  difference  between  a  Whitworth  forging  press,  duty  Iree,  and  the 
duties  now  imposed  ! 

Mr.  Scott.  We  would  be  glad  to  accept  the  contract  with  the  under- 
standing that  the  duty  upon  the  Whitworth  press  should  be  our  reward, 
and  that  we  should  have  continuous  work ;  we  would  furnish  every- 
thing else  at  absolute  cost  to  the  Government.  I  feel  confident  that 
the  price  the  Government  would  pay  would  be  as  low  as  any  it  could 
get  in  any  foreign  country ;  besides  it  would  be  distributing  the  money 
among  the  mechanics  of  our  own  country.  The  immense  establishment 
of  Krupp,  at  Essen,  has  been  cared  for  by  the  German  Government; 
the  works  of  Mr.  Schneider,  at  Le  Creusot,t  have  been  cared  for  by  the 
French  Government ;  and  those  of  Armstrong  &  Whitworth,t  by  the 
English  Government.  If  there  is  any  lesson  in  the  history  of  these 
facilities  it  points  to  the  fact  that  the  United  States  Government,  to 
make  itself  independent  of  the  rest  of  tlie  world,  must  support  theae 
industries  in  its  own  borders. 

Mr.  Morgan.  What  would  be  the  expense  of  pu  tting  up  a  Whitworth 
hydraulic  forging-press  and  plant,  to  make  a  gun  of  100  tons  at  San 
Francisco  t 

*  Seepage  23.  (Chairman.) 

t  Adyised  by  the  oompany  that  they  have  never  leceired  Goyemment  aid«    (Chii^ 
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Mr.  SooTT.  The  total  expenditure  would  be  $1,850,000. 

Five  open-hearth  furnaces 1^0,000 

Flnid  compreflflOT,  cranes,  pit,  Slo 350, 000 

Reheating  furnace 150,000 

Forging  press 300.000 

Cranes  for  the  press 240,000 

Tools  for  turning,  boring,  shearing,  and  incidentals 200, 000 

Tempering  pit 50,000 

Traveling  crane  (capacity  160  tons) 60,000 

Boildings,  incidentals,  &o , 250,000 

Total 1.850.000 

The  person  who  undertakes  this  ought  to  have  $2,000,000  worth  of 
work  a  year  from  the  Oovernment  to  get  the  interest  back  on  the  money 
invested,  and  it  would  take  ten  years  to  get  the  investment  back. 

Mr.  MoBGAN.  Leaving  out  the  armament,  that  is  to  say,  the  guns,  if 
you  were  to  set  out  to  make  a  steel  ship  in  the  Bay  of  San  Francisco 
exclusively  of  California  material,  beginning  with  the  ores  and  ending 
with  the  ship  ready  for  sea,  what  additional  facilities  besides  those  which 
you  have  would  be  requisite! 

Mr.  Scott.  Simply  the  mill  for  rolling  plates  of  steel;  we  have  every- 
thing else.  We  are  now  constructing  two  boilers  of  steel  plates  1  inch 
thick,  each  of  which  will  weigh  when  finished  78  tons.  They  are  14 
feet  in  diameter,  22  feet  long,  and  are  to  carry  100  pounds  of  steam  to 
the  square  inch.  They  are  larger  than  any  boiler  that  would  be  required 
in  any  Government  ship  now  afloat.  We  have  steam  shears  capable  of 
putting  in  place  weights  of  100  tons.  We  have  hydraulic  shearing  ma- 
cliiDery  in  operation  at  present,  with  a  capacity  to  shear  a  sheet  of  steel 
1^  inches  thick  and  14  feet  long.  The  shears  are  of  steel,  and  all  parts 
of  them,  including  the  knives,  were  made  at  our  own  works.  That  is, 
they  were  made  of  steel  produced  by  the  Pacific  Kolling  Mills  and  fin- 
ished by  us.  We  also  have  planing  machinery  for  trimming  the  edges 
of  plates  perfectly  true.  It  cuts  both  ways,  will  plane  a  sheet  25  feet 
long,  and  will  take  in  armor  plates  18  inches  thick.  The  sheet  is  put 
into  the  machine  and  held  in  position  while  there  by  hydraulic  appliances. 
It  is  up  to  the  latest  requirements  of  the  business.  It  was  made  in  our 
own  works,  including  all  the  appliances  and  appurtenances  belonging 
to  it.  We  also  have  rolls  for  rolling  plates  1^  inches  thick,  14  feet  wide, 
and  in  any  length  required.  We  have  a  machine  for  drilling  such  plates, 
with  four  spindles  in  operation  at  one  time,  and  we  drill  four  sheets  at 
one  operation.  We  also  have  three  hydraulic  riveting  machines  for 
driving  the  largest  steel  rivets  now  required;  also  a  traveling  crane 
run  by  hydraulic  power,  for  handling  and  operating  weights  as  large  as 
70  tons.  These  tools,  with  all  their  minor  appurtenances  for  a  complete 
plant  are  in  operation  in  one  department  known  as  the  boiler  shops. 
In  our  engine  shop  we  have  a  machine  for  turning  crank  shafts  and 
propeller  shafts,  which  will  take  a  shaft  43  feet  long  and  3  feet  in 
diameter,  and  will  cut  a  screw,  according  to  the  Whitworth  standard, 
of  any  required  pitch  or  size  that  is  practicable  in  modern  mechanics. 
We  have  planers  12  feet  square  and  30  feet  long,  supplied  with  all 
modern  appliances,  and  boring  mills  that  will  bore  a  cylinder  12  feet  in 
diameter  and  30  feet  long,  if  you  want  them.  We  have,  in  course  of 
erection,  built  by  ourselves,  a  compound  machine  that  will  bore,  plane, 
or  turn.  It  is  intended  to  turn  material  30  feet  in  diameter  and  with 
10  feet  of  face;  plane  vertically  10  feet;  plane  horizontally  30  feet;  bore 
out  the  center  of  a  wheel  of  any  size  up  to  30  feet  in  diameter;  cut  a 
key  set  through  the  hub;  and  plane  the  edges  of  segments  of  wheels; 
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the  largest  pnlley  or  fly-wheel  or  rope  wheel  required  in  modern  me- 
chanics can  be  placed  upon  its  table  or  face  plates,  and  every  operation 
required  to  put  that  wheel  together,  turn  key-seat,  and  finish  it,  will  be 
done  without  moving  the  wheel  from  its  place.  This  machine  will  be 
the  largest  and  most  complete  of  its  class  in  existence  j  it  will  occnpy 
a  space  oO  feet  square  and  43  feet  high.  The  machine  will  be  served  by 
a  5()ton  overhead  traveling  crane,  which  will  be  moved  back  and  forth 
by  rotating  engines,  driven  by  compressed  air,  but  the  lifting  will  be 
done  by  hydraulic  machinery  driven  by  the  same  engines. 

Mr.  MoKGAN.  Are  you  working  a  Corliss  engine! 

Mr.  Scott.  No,  sir;  the  engine  you  saw  is  our  own  invention.  We 
have  proved  that  our  engines,  when  put  in  flouring-mills,  and  at  hard 
work,  excel  the  Corliss  engine,  or  any  one  eccentric  engine. 

Mr.  Morgan.  What  is  the  largest-sized  engine  you  have  ever  built  t 

Mr.  Scott.  The  largest  stationary  engine  we  ever  built  was  the 
pumping  engine  for  the  Nevada  mines,  at  Virginia  City.  That  is  a 
compound  condensing  engine,  with  two  cylinders,  the  initial  cylinder 
65  inches,  and  the  expansion  cylinder  100  inches  in  diameter,  respect- 
ively, 12-feet  stroke;  fly-wheel  33  feet  in  diameter  and  weighing  100 
tons ;  the  shaft  is  of  wrought  iron,  28  inches  in  diameter.  The  engine 
is  used  for  pumping  water  from  the  Union  shaft,  3,100  feet  in  vertical 
depth.  We  built  that  machine  and  had  it  running  over  there  in  six 
months.  We  made  everything  for  it.  We  got  the  shaft  and  forgings 
from  the  Pacific  Rolling  Mills ;  they  were  hammered  there.  This  great 
engine  was  entirely  of  California  manufacture. 

Mr.  MoBGAN.  What  column  of  water  does  it  raise  t 

Mr.  Scott.  Two  lines  of  pumps,  16  inches  diameter  and  10-feet  stroke, 
perform  a  duty  of  93,000,000  foot  pounds  with  100  pounds  of  coal  or  its 
equivalent. 

Mr.  Morgan.  How  long  has  this  engine  been  in  operation  f 

Mr.  Scott.  Since  the  fall  of  1879,  and  is  still  at  work. 

Mr.  Morgan.  Does  it  work  as  well  as  evert 

Mr.  Scott.  Oh,  yes ;  on  the  Yellow  Jacket  shaft  there  is  compound 
condensing  engine,  12-feet  stroke.  The  initial  cylinder  is  37  inches,  and 
the  expansion  cylinder  65  inches  in  diameter.  This  shaft  is  about  2,800 
feet  deep.  I  could  mention  a  dozen  engines  made  right  here  by  dif- 
ferent builders  that  equal  in  size  any  engines  in  the  East. 

Mr.  Morgan.  You  have  made  a  number  of  these  large,  heavy  en- 
gines! 

Mr.  Scott.  Yes,  sir;  and  piimpvS  of  all  sizes,  with  all  their  appurte- 
nances, also  air  compressors  and  mills,  and  metallurgical  appliances  com- 
plete, from  the  assay  of  the  ore  to  the  smelting;  even  the  little  machine 
run  by  compressed  air,  for  depositing  the  chloride  of  silver  in  assaying. 

Mr.  Morgan.  In  your  examinations  in  England  and  Belgium,  did  yon 
find  anything  as  heavy  and  powerful  as  the  engines  you  have  erected 
here! 

Mr.  Scott.  Nowhere  anything  as  large.  In  Belgium  there  is  the 
l)e8t  mining  machinery  in  Europe.  In  England  I  found  their  winding 
engines  attained  greater  speed  than  those  in  Belgium.  The  maximum 
speed  in  the  English  winding  engine  was  about  4,700  feet  per  minute. 
The  hoi^Jti^g  engines  of  the  Union  shaft,  Virginia  City,  Kev.,  built  by 
us,  are  a  pair  of  direct  acting  engines,  with  28  inches  diameter  of  cyl- 
inder, 8-feet  stroke,  and  running  at  sixty  revolutions  per  minute,  that  is, 
OCO  feet  of  piston  a  minute.  They  hoist  at  the  maximum  speed  of  5,200 
feet  a  minute.    The  necessities  of  deep  mining  in  California  has  made 
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a  demand  which  has  developed  this  machinery.    There  are  1^400  tons 
of  machinery  in  one  of  these  engines. 

Mr.  Morgan.  Where  do  you  get  your  material  I 

Mr.  Scott.  Prior  to  the  war  we  depended  upon  England  and  France 
entirely  for  pig  iron ;.  upon  England  for  the  lower  grades  and  upon 
France  for  the  higher  grades.  We  sent  to  England  also  for  plate  and 
tubes.  After  the  war,  after  the  revival  of  our  industries,  we  were 
enabled  to  do  better  in  quality  and  prices  from  the  American  manufact- 
urers. To-day,  pig  iron,  boiler  plates,  and  tubes  are  all  of  American 
manufacture.  With  the  exception  of  some  low-grade  English  iroD, 
brought  in  ballast  by  wheat  ships,  the  products  of  California  and  Oregon 
have  entered  largely  into  the  consumption  the  last  few  years,  with 
ample  ability  to  supply  the  wants  of  this  coast.  The  annual  consump- 
tion of  pig  iron  In  California  is  about  20,000  tons ;  two-thirds  of  it  is 
American  iron,  and  4,000  tons  come  from  California.  The  cheapness  of 
transportation  by  sea  has  very  materially  interrupted  the  production  of 
iron  on  this  coast. 

Mr.  Morgan.  What  is  the  cost  of  pig  iron  imported  from  England? 

Mr.  Scott.  Twenty-four  dollars  and  sixty-live  cents  a  ton  is  said  to 
be  the  exact  amount  for  which  the  best  grades  of  pig  iron  can  be  im- 
ported. That  fixes  the  price  of  the  home  product.  The  freight  from 
the  works  of  the  California  Iron  and  Steel  Company,  Placer  County,  to 
San  Francisco  is  $2.75  per  ton  of  2,000  pounds.  The  profit  to-day  on 
the  manufacture  is  $3  a  ton.  The  tariff  is  $6.72  a  ton  on  all  grades  of 
English  iron,  which  is.  double  the  profit  now  made  on  this  coast  iu  the 
manufacture  of  pig  iron. 

Mr.  Morgan.  Do  you  find  any  material  advantage,  in  such  works  as 
you  conduct  here,  in  the  use  of  charcoal  pigt 

Mr.  Scott.  Yes,  sir:  it  is  a  very  much  better  quality  of  material, 
and  is  cheaper  to  mold  and  finish ;  besides,  its  great  strength  enables 
us  to  make  lighter  castings  of  the  same  strength. 

Mr.  Morgan.  To  what  extent  is  piping  and  tubing  made  on  this 
coastt 

Mr.  Scott.  Wrought-iron  pipes,  for  hydraulic  mining  and  water- 
works, have  been  carried  to  a  development  unequaled  in  the  world ; 
boilers  and  cheap  water  services  are  also  piade  here,  but  neither  boiler 
tubes  nor  gas  pipes  are  made  here  at  present.  There  is  a  large  demand 
for  tub^  and  gas  pipes,  and  all  indications  point  toward  the  early  es- 
tablishment of  these  manufactures  here.  The  industries  are  filling  up. 
The  last  year  has  seen  the  addition  of  a  cotton  factory  at  Oakland;  the 
year  previous,  a  nail  factory ;  also,  one  for  makirfg  tacks  and  files  by 
machinery ;  also,  mowing  machines  and  cotton-knitting  factories.  All 
of  these  have  been  added  since  1881. 

Mr.  Morgan.  Taking  the  whole  field  together,  over  which  you  have 
been  going  in  a  cursory  way,  have  you  any  doubt  of  the  ability  of  Cali- 
fornia, through  her  ports,  to  supply  all  the  essential  manufactures  of 
steel  and  iron,  including  all  descriptions  of  machinery,  and  ships  of 
steel  and  iron,  to  the  trade  of  the  Pacific  Ocean! 

Mr.  Scott.  Not  the  slightest. 

Mr.  Morgan.  Do  you  believe  that  after  a  fair  start,  and  cai)ital  has  * 
been  diverted  in  that  direction  largely,  you  would  have  any  difficulty 
in  competing  with  European  countries  ? 

Mr.  Scott.  Not  the  slightest.  While  labor  and  fuel  are  somewhat 
higher,  the  climate  is  such  that  we  can  work  out  of  doors  during  the 
entire  year,  and  the  men  do  more  average  labor  the  year  round  than 
in  any  other  State  I  have  visited.    If  a  man  purchases  a  ship  iu  New 
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York  for  the  California  trade  he  must  DOt  only  advance  the  money,  bnt 
he  must  be  without  the  services  of  that  ship  for  foor  months  at  least 
with  all  the  risk  of  coming  around  the  Horn,  and  damage  done  the  ship 
to  be  paid  for.  For  instance,  we  have  jnstpnt  22  feet  of  a  new  stem 
in  and  new  plates  on  the  Topeka,  which  wasinjnredin  theBtrait  of  Ma- 
gellan. If  the  ship  were  built  here  the  interest  would  be  saved,  and  the 
owner  would  in  evei^'  way  get  an  article  more  suitable  than  one  brought 
from  abroad ;  besides,  a  trip  around  the  Horn  is  considered  equal  to 
one  year's  ordinary  wear  on  the  boiler.  We  manufacture  the  boilers 
required  of  the  highest  quality  of  steel  and  at  prices  which  pay  the 
manufacturer  a  fair  profit  in  Ban  Francisco  at  less  per  pound  than  has 
been  paid  for  the  boilers  of  some  steamships  lately  built  on  the  Dela- 
ware for  service  on  this  coast.* 

The  condition  of  our  workmen  is  prosperous.  They  own  their  own 
houses  and  homesteads  to  a  greater  extent  than  most  other  commu- 
nities. The  laws  protect  them  to  the  extent  of  $5,000,  by  exemption 
from  all  debt  upon  a  declared  homestead,  and  the  workmen  of  San 
Francisco  are  the  best  paid,  the  best  clad,  the  best  fed,  and  the  be«t 
housed  workmen  in  the  entire  wodd.  Having  visited  most  of  the  cities 
of  the  world  and  examined  the  condition  of  workmen,  I  adopt  this  as  a 
gauge. 

Mr.  Morgan.  How  much  of  his  earnings  does  it  take  for  him  to  live, 
and  how  does  he  live  Y  What  sort  of  clothes  does  he  wearf  What 
does  he  feed  uponf    What  kind  of  a  house  does  he  live  inf 

Mr.  Scott.  Ifound  that  in  China,  Japan,  Anan,  the  province  of  Welles- 
ley,  India,  Arabia,  Egypt,  Asia  Minor,  Turkey,  Greece,  the  Grecian  Arch- 
ipelago, Italy.  Austria,  Germany,  Holland,  Belgium,  France,  England, 
Scotland,  Ireland,  the  working  classes  were  compelled  to  expend  from 
seven-eighths  to  the  whole  of  their  earnings  to  eke  out  an  existence  far 
below  the  average  of  American  mechanics,  while  the  American  mechanic, 
as  he  exists  all  over  the  United  States,  uses  from  a  half  to  three-fourths 
of  his  entire  earnings.  In  all  the  places  that  I  visited  the  cost  of  labor 
did  not  seem  to  vary  much;  that  is,  if  you  paid  10  cents  a  day  for  labor 
in  China  it  took  ten  men  to  do  what  one  man  in  Europe  did  for  a  day's 
work  for  one  dollar. 

Mr.  Morgan.  What  is  the  known  amount  of  deposits  in  the  Califor- 
nia savings  institutions  in  San  Frauciscot 

Mr.  SooTT.  In  the  Hiberuia,  Clay  Street,  German,  French,  aiid  other 
savings  banks  of  San  Francisco  the  working  classes,  both  men  and 
women,  have  had,  at  times,  deposits  aggregating  between  $76,000,000 
and  983,000,000;  and*  now  (1884)  they  amount  to  $59,923,749.  I  may 
be  in  error  as  to  the  total  amount,  but  1  can  verify  it.  There  is  the 
Clay  Street  Savings  Bank,  which  lias  had  something  like  $12,000,000; 
and  there  was  the  German  Savings  Bank,  about  $8,000,000.  The  Bi- 
bemia  Savings  Bank  is  almost  exclusively  patronized  by  the  Irish 
women  and  men,  and  the  total  deposits  now  are  $20,000,000,  divided 
between  30.987  accounts,  and  that  of  the  Clay  Street  Bank  is  $2,700,000. 
The  English  have  a  system  of  taking  stock  in  ships  by  subscription. 
This  is  done  at  Aberdeen,  or  at  any  other  well-known  ship-building  es- 
tablishment of  the  North  of  England.  A  ship  is  put  on  the  ways  to  go 
into  a  certain  trade,  and  is  estimated  to  cost  so  much  money.  Little 
subscription  books  are  made  up  of  from  fifty  to  several  thousand  dol- 
lars ;  the  aggregate  of  these  small  amounts  is  the  amount  the  ship  is  to 
cost.  Any  one  who  has  money  can  go  into  the  office  of  the  company 
and  subscribe  fi^om  $50  up.  That  is  their  interest  in  that  ship,  and  the^^ 
can  insure  their  own  amount,  or  let  it  go  uninsured.    That  has  made 
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Great  Britain  fomoas  for  her  merchant  marine.  In  years  past  the  people 
of  San  Francisco  have  been  investing  in  paper  securities  of  no  value, 
and  I  have  no  doubt  they  would  invest  readily  in  such  an  enterprise. 

Mr.  Morgan.  To  what  do  these  investors  look  for  their  profit  f 

Mr.  Scott.  To  the  profits  of  the  trade  the  ship  is  in ;  the  system  offers 
facilities  to  invest  small  amounts  at  low  interest,  and  the  investors  pro- 
tect themselves  by  insurance.  In  case  of  total  wreck  they  have  their 
insurance,  and  there  is  no  possibility  by  which  they  can  lose  their  entire 
investment,  while  in  mining  stocks  they  not  only  lose  their  iovestment 
but  have  to  pay  their  share  of  the  deficiency.  I  believe  we  will  not 
properly  extend  coast  trade  until  we  build  our  own  ships  and  our  own 
commerce  here.  During  the  thirty-three  years  California  has  been  a 
State  she  has  paid  into  the  Federal  Treasury  nearly  $500,000,000.  Last 
year  the  internabrevenue  collections  amounted  to  $3,322,716,  and  we 
feel  as  if  we  were  entitled  to  the  patronage  of  the  Government  for  such 
things  as  the  Government  uses  here  at  the  same  price  the  Government . 
can  purchase  them  elsewhere.  The  Pacific  coast,  in  supplying  to  the 
Government  all  its  Army,  N^avy,  and  other  wants,  its  ships,  &c.,  used  on 
this  coast,  should  have  the  preference  at  the  same  prices  as  any  other 
part  of  the  United  States. 

Mr.  MoRQAN.  Can  you  make  the  armor  for  war  ships  here  of  as  good 
material  as  can  be  had  elsewhere! 

Mr.  Scott.  As  good  as  in  any  part  of  the  world :  as  strong  and  secure 
as  can  be  made  in  any  establishment  in  the  world ;  and  we  are  willing 
to  take  the  contract  subject  to  the  tests  the  Government  requires. 

Mr.  Morgan.  Can  you  build  such  engines  as  are  required  for  the 
Monadnock  t 

Mr.  Scott.  They  are  not  more  than  half  as  large,  as  engines  we  have 
built  and  are  constantly  building.  The  engines  used  in  mining  are  much 
more  difficult  to  construct  than  marine  engines.  We  have  marine  en- 
gines in  course  of  construction  as  large  and  difficult  to  build  as  those 
of  the  Monadnock.  I  think  there  are  at  least  one  hundred  sets  of  ma- 
rine engines  that  have  been  built  right  here  in  San  Francisco  for  pp)- 
pellers  aiM  other  boats. 

Mr.  Morgan.  Have  you  a  considerable  number  of  skilled  mechanics 
here! 

Mr.  Scott.  There  are  about  2,500  mechanics  in  the  machine  depart- 
ments alone  who  reside  here  and  are  permanent  citizens,  and  their 
labor  will  compare  with  any  other  in  the  world  for  skill,  general  intel- 
ligence, and  sobriety. 

Mr.  Morgan.  Since  your  tour  around  the  world  in  the  investigation 
of  iron  and  steel  production  you  have  projected  and  are  now  building 
your  new  establishment  here  I 

Mr.  Scott.  Yes,  sir;  and  in  connection  with  that  we  will  have  a  dry- 
dock  600  feet  long  to  take  the  largest  ships  now  afloat  or  that  are  likely 
to  be ;  we  hope  to  get  it  into  successful  operation  some  time  during  the 
fall  of  1886. 

Mr.  Morgan.  When  did  you  break  ground  for  the  new  plant  of  the 
Union  Iron  Works  I 

Mr.  Scott.  The  contract  for  the  wharf  was  made  March  22,  1883 ; 
the  first  contract  for  iron  work  was  made  June  2, 1883;  the  first  contract 
for  brick  work  was  made  June  9,  1883;  the  boiler  sho])  was  put  in 
-operation  April  1, 1884 ;  the  machine  shops,  August  15, 1884 ;  the  ship- 
yard, September  1,  1S84,  and  the  last  department,  the  foundry,  made 
the  first  cast  October  22, 1884;  about  nineteen  months  in  all.  It  was 
made  for  very  large  machines  and  ships  we  are  building,  with  all  the 
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appliances  for  heating,  bending,  rolling,  punching,  testing,  and  riveting 
every  part  of  the  materials  that  go  into  ships. 

Chain,  cable,  and  wire,  and  hemp  rope  are  also  manofactored  in  this 
city. 

Mr.  Morgan.  I  was  not  aware  that  you  made  wire  here  at  all. 

Mr.  Scott.  A.  S.  Halladie's  wire  works  is  a  very  large  establishment 
They  can  make  any  size  of  wire  required,  and  also  hemp-rope.  There 
is  also  a  whale-oil  refinery  in  San  Francisco.  Steam  whalers  and  all 
their  appliances  are  built  here,  and  they  have  been  succe^ssful.  Their 
catch  is  brought  here  and  refined,  and  the  products  are  shipped  to  such 
places  as  they  desire.    These  whalers  are  owned  here. 

Mr.  Morgan.  Is  the  business  of  making  flour  increasing! 

Mr.  Scott.  Yes,  sir;  very  extensively. 

Mr.  Morgan.  Do  they  get  their  machinery  from  San  Francisco  t 

Mr.  Scott.  Yes,  sir ;  we  made  last  year  an  engine,  32  inches  diam- 
eter, GO  inches  stroke,  for  a  company  at  Vallejo,  which  is  now  making 
1,460  barrels  of  flour  each  day,  and  one  for  a  company  at  Marysville, 
making  600  barrels  per  day.  We  have  drawings  of  appliances  for  en- 
gines, boilers,  and  appurtenances  for  the  same  firm,  which  will  enable 
them  to  manufacture  6,000  barrels  per  day.  The  engine  will  be  of  2,500 
horsepower.  These  improved  roller  mills,  of  smaller  sizes,  are  being 
established  in  various  parts  of  the  State ;  those  of  the  greatest  capacity 
seem  to  center  around  Benicia  and  Port  Costa.  The  sugar  refinery  at 
Potrero  Point,  owned  by  Glaus  Spreckles,  is  said  to  have  the  largef^t 
capacity  of  any  in  the  world.  The  machinery  (engines,  boilers,  shafts, 
and  tanks)  for  that  refinery  were  built  in  San  Francisco.  The  centrif- 
ugals, vacuum  pans,  and  some  other  machinery,  upon  which  there  are 
patents,  were  built  in  New  York. 

Mr.  Morgan.  What  about  the  copper  supply  in  California  f 

Mr.  Scott.  W^hile  it  seems  inexhaustible,  in  proportion  to  present 
demands,  there  is  no  danger  of  overproduction.  Montana  and  Cali- 
fornia ores  are  principally  sulphurets  of  copper,  and  shipped  raw,  while 
Arizona's  product  is  generally  block  copper.  The  copper  ores  aad 
metallic  copper  can  be  delivered  in  San  Francisco  at  less  cost  thlan  at  any 
other  point  that  I  know  of.  That  fact  will  ultimately  cause  the  erection 
of  a  mill  for  making  rod  and  sheet  copper  in  San  Francisco. 

Mr.  Morgan.  Is  there  any  manufactory  for  making  sulphuric  acid  f 

Mr.  Scott.  Yes,  sir ;  there  are  large  works  at  Berkeley,  Alameda 
County,  California,  one  at  Melrose,  and  one  at  South  San  Francisco. 

Mr.  Morgan.  So  you  have  no  occasion  to  import  sulphuric  acid  from 
any  other  country  t 

Mr.  Scott.  No,  sir ;  we  have  all  the  elements — niter,  soda,  sulphur, 
borax,  &c.,in  great  profusion — that  are  required  to  make  powder  in  all 
its  various  forms. 

Mr.  Morgan.  Have  you  any  chrome  iron  oresf 

Mr.  Scott.  Yes,  sir. 

Mr.  Morgan.  To  what  extent  t 

Mr.  Scott.  Sufficient  for  all  the  present  or  probable  requirements 
of  the  trade,  or  demand  lor  them.  Chrome  iron  is  used  in  Philadel- 
phia and  Baltimore,  and  is  shipped  from  Auburn,  Placer  County,  Cali- 
fornia. 

Mr.  MOKGAN.  Is  the  manufacture  of  borax  and  soda  extensive! 

Mr.  Scott.  There  are  large  deposits  at  Clear  Lake,  Lake  County, 
California,  and  in  the  neighboring  State  of  Nevada,  which  will  supply 
all  our  wants. 

Mr.  Morgan.  Is  the  charcoal  yield  here  of  good  quality  1 
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Mr.  ScoTX.  It  18  of  fair  quality.  The  best  weighs  about  26  pounds 
to  the  bushel.  The  best  quality  should  weigh  about  28  pounds ;  the 
worst  here  is  about  17  pounds.  The  live  oak  and  nut  pine  make  char- 
coal that  will  average  22  pounds  to  the  bushel. 

Mr.  MoBGAN.  Have  you  given  any  consideration  to  the  best  method 
to  be  pursued  by  the  Oovernment  in  the  construction  of  guns  of  high 
power,  or  of  armored  or  unarmored  ships  of  war  f  Have  you  any  knowl- 
edge of  the  system  which  prevails  in  England,  Germany,  or  France 
upon  this  subject  t 

Mr.  Scott.  The  method,  as  I  understand  it,  that  exists  in  England 
is,  that  in  order  to  have  a  certain  amount  of  iron  armor  and  steel  plates 
when  they  are  required,  without  keeping  up  its  own  plant,  the  Govern- 
ment agrees  to  take,  say,  1,000  tons  a  month  from  a  steel  maker,  for 
which  it  agrees  to  give  him  2  pounds  sterling  a  ton  profit,  and  to  pay 
him  this  profit  monthly,  whether  it  takes  the  steel  or  not,  on  the  condi- 
tion that  he  shall  reserve  a  capacity  to  furnish  1,000  tons  per  month  if 
called  upon  by  the  Government.  In  Germany  the  Government  depends 
entirely  upon  Mr.  Erupp,  and  in  France  the  Government  depends  upon 
private  establishments  for  all  material,  and  does  all  the  finishing  itself. 
In  regard  to  what  would  be  the  best  method  for  our  Government  to 
pursue,  I  am  of  the  opinion  that  for  the  Pacific  coast,  the  best  plan 
would  be  for  the  Government  to  aid  the  local  manufacturers  in  develop- 
ing a  plan  that  would  be  equal  to  any  emergency  possible  to  the  General 
Government.  The  geographical  position  of  the  Pacific  coast  excludes 
it  from  the  line  of  other  customers,  and  it  is  not  probably  that  any  aid 
could  be  obtained  in  the  way  of  orders  from  other  nations  ;  hence  the 
greater  aid  required  from  this  Government  to  maintain  implements  use- 
less in  everyday  work.  This  method  would  save  the  Government  the 
expense  of  the  machine-shops,  boiler  and  foundry  plants,  and  shipyard ; 
and,  in  view  of  what  has  been  done  by  other  Governments,  it  seems  to 
be  the  cheapest,  safest,  and  only  plan  practicable,  when  we  take  into 
consideration  the  fact  that  with  the  present  railroad  facilities,  and  the 
strength  of  existing  bridges  and  railroad  structures  it  would  be  impos- 
sible to  tran8i)ort  a  gun  of  160  tons  weight  by  rail;  to  put  into  condition 
any  of  the  transcontinental  railroads  to  safely  carry  such  a  load  would  cost 
fully  $20,000,000,  and  practically  cause  their  reconstruction;  if  trans- 
ported by  water  it  could  only  be  done,  if  at  all,  in  times  of  peace,  a!nd 
would  require  expensive  cranes,  &c.,  to  unload  and  deliver  the  same. 


STATEMENT  OF  MB.  SAl^L  B.  WATTE. 

BAiwTnroBE,  Md.,  Xovemlnr  11, 1885. 

The  Chairman.  Please  state  your  name,  resideuce,  and  your  present 
position. 

Mr.  Waitk.  Samuel  R.  Waito,  Baltimore,  Aid.  Member  of  the  firm 
of  Samuel  It.  Wjite  ^:  Co. 

The  Chairman.  Wliat  do  you  inoduce  in  your  works! 

Mr.  Waitk.  Vv'e  are  sliij)  builders;  that  is,  we  would  willingly  be 
Rhip-bnilders  if  we  could  get  any  ships  to  baild,  but  you  know  what 
has  been  the  condition  of  the  shipbuilding  industry  in  this  country  for 
the  last  ten  or  twelve  years.  There  has  been  no  demand  for  ships.  Of 
course  we  bid  for  ships  and  build  them  if  we  get  the  contracts. 

The  Chairman.  You  have  a  ship-yard,  then! 

Mr.  Waite.  Yes.  Those  [pointing  to  the  wall]  are  modols  of  mer- 
chant vessels  we  have  built.  We  have  been  building  one  or  two  vessels 
of  that  class  a  year  up  to  last  year ;  but  since  then  we  have  not  built 
any.  We  built  the  steam  propeller  Chesapeake  last  year.  We  have 
never  buUt  an  iron  ship,  but  have  built  an  iron  steam-tug. 

The  Chairman.  Are  there  any  firms  in  Baltimore  that  have  built 
iron  ships  t 

Mr.  Waite.  What  do  mean  by  a  ship! 

The  Chairm!an.  By  ships  the  committee  mean  war  ships,  or  vessels 
for  the  United  StaR»s  Government.  They  may  be  large  vessels  of  10,000 
tons,  or  any  size  down  to  light-house  tenders. 

Mr.  Waite.  There  have  been  light-house  tenders  built  here  but  no 
war  ships  have  been  built  here  since  the  war. 

The  Chairman.  What  is  the  largest  iron  or  steel  merchant  ship  that 
has  been  built  in  Baltimore  f 

Mr.  Waite.  I  think  that  the  largest  in  tons  was  the  ioe-boat  Latrobe, 
about  a  thousand  tons. 

The  Chairman.  W^ho  built  her  ! 

Mr.  Waite.  The  hull  was  built  by  Malster  &  Co.,  at  the  Columbian 
Iron  Works;  the  engines  and  boilers,  by  C.  Reeder  &  Sons. 

The  Chairman.  What  is  the  present  name  of  the  former  firm  t 

Mr.  Waite.  It  is  now  the  Columbian  Iron  Works  and  Dry  Dock  Com- 
pany, William  T.  Malster,  president. 

The  Chairman.  Has  the  Government  any  interest  in  the  dry-dock 
belonging  to  the  Columbian  company  t* 

Mr.  Waite.  When  it  granted  the  land  the  Government  reserved  the 
right  to  dock  its  vessels  free  of  cost.  It  very  seldom  avails  itself  of 
the  privilege,  however.  There  may  come  a  time  when  it  will.  It  is  open 
for  the  Government  whenever  it  wants  it.  But  the  most  of  the  Gk)vem- 
ment  work  is  done  by  contract  after  bidding,  and  outside  parties  have 
in  many  instances  been  able  to  bid  upon  and  do  the  work  cheaper,  in- 
cluding the  docking,  than  the  dock  will  do  the  work,  and  not  charge 
for  the  docking. 

The  Chairman.  In  every  respect,  except  that  right  of  the  Govern- 
ment, then,  this  dock  belongs  to  the  Columbian  Dock  Company  f 

Mr.  Waite.  Yes  ;  it  is  chartered  from  the  Baltimore  Dry-Dock  Com- 
pany by  the  Columbian  company,  subject  to  this  right  of  the  Gk>vern- 

•  See  page  367. 
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rnent  to  dock  its  ships  free,  which  is  the  only  hold  the  Government  has 
on  it. 

The  Chairman.  With  the  exception  of  that  dry -dock  has  this  cor- 
poration in  question,  the  Columbian  Iron  Works,  any  better  facilities, 
in  your  opinion,  than  other  Arms  here  for  building  ships "? 

Mr.  Waite.  They  may  have  a  tool  more  or  less  than  the  others,  but 
in  my  opinion  there  are  other  people  in  this  city  who  are  just  as  capa- 
ble of  producing  good  work  as  that  company,  and  having  a  capacity 
equal  to  that  company. 

The  Chairman.  Could  the  people  to  whom  you  refer  build  a  0,000- 
ton  ship  for  the  Government  as  cheaply  and  as  well  ? 

Mr.  Waite.  Yes ;  because  none  of  them  have  the  facilities  for  build- 
ing a  C,000-tou  ship  for  the  Government.  We  would  all  have  to  make 
l>reparation  for  it;  but  from  my  experience  and  observation  I  do  not 
think  the  preparation  needed  would  be  immense.  It  would  be  a  simple 
thing  to  build  the  hull.  Of  course  to  prepare  to  build  the  whole  ship- 
engines,  boilers,  and  all — would  require  a  very  extensive  plant,  but  if 
you  have  already  an  established  machine  plant  there  is,  comparatively 
speaking,  not  much  of  a  plant  required  to  build  an  iron  ship ;  I  say  com- 
paratively not  much. 

The  Chairman.  Have  you  ever  built  any  engines  or  boilers  f 

Mr:  Waite.  No  ;  we  do  not  build  engines  and  boilers. 

The  Chairman.  Have  you  at  any  time  been  requested  by  any  Gov- 
ernment to  supply  engines  or  boilers  for  ships  t 

Mr.  Waite.  No. 

The  Chairman.  Have  you  had  requests  for  ships  f 

Mr.  Waite.  Ko,  but  we  have  made  bids  for  Government  vessels. 

The  Chairman.  Did  you  get  any  of  the  contracts  f 

Mr,  Waite.  We  have  never  built  a  Government  vessel.  We  have 
repaired  vessels  for  the  Revenue  Marine,  but  there  have  been  no  United 
States  naval  vessels  that  needed  or  asked  for  repairs  in  this  port. 
.  The  Chairman.  You  may  remember  that  in  1882  there  were  public 
advertisements  asking  all  reputable  manufacturers  of  vessels,  steam 
engines,  boilers,  i&c,  having  regular  establishments,  to  submit  plans, 
models,  and  designs  to  the  Naval  Advisory  Board. 

Mr.  Waite.  Yes  j  I  remember  that. 

The  Chairman.  Did  you  submit  any  models  or  plans  to  said  Board  ? 

Mr.  Waite.  We  did  not. 

The  Chairman.  Had  you  any  particular  reason  for  not  doing  so  1 

Mr.  Waite.  No,  sir;  I  cannot  say  that  we  had  any  special  reason  for 
not  doing  it,  except  that  we  did  not- feel  the  interest  in  the  matter  which 
we  might  have  felt.  There  is  one  thing  we  might  say,  and  that  is,  the 
conditions  of  the  contracts  were  rather  severe.  Requiring  a  deposit  of- 
certified  checks  or  bonds  cannot  be  claimed  to  be  a  bad  business  idea. 
It  is  right  when  you  come  to  a  strict  interpretation  of  business ;  but  at 
the  same  time  it  was  a  feature  in  those  contracts  which  would  shut  out 
competition,  and  it  w^s  considered  by  builders  and  others  rather  severe 
that  such  large  deposits  were  required ;  whereas,  in  the  opinion  of  the 
people,  it  could  be  covered  by  the  usual  methods  of  giving  security,- 
adopted  by  the  Government  in  other  contracts.  For  instance,  when 
we  have  made  bids  to  repair  a  vessel  they  required  a  bond  which  must 
be  approved  by  Government  officials,  guaranteeing  a  faithful  perform- 
ance of  the  contnwjt.  It  might  be  reasonable  to  go  farther  than  that, 
but  the  amounts  t  equired  to  be  deposited  were  very  large,  and,  un- 
doabtedlji^had  the  effect  of  keeping  out  competition.    They  were  not 
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only  snrerties,  but  large  amounts  in  certified  checks  or  GroverDment 
bonds  wei\B  required  to  be  deposited  before  bids  could  be  considered. 
It  might  have  been  considered  a  very  good  business  idea,  but  it  was 
very  severe  on  those  who  wished  to  make  bids. 

The  Chairman.  Did  you  receive,  in  1883,  a  circular  letter  asking  ad- 
vice and  suggestions  concerning  designs  of  vessels  for  which  Congress 
was  calk'd  upon  to  make  an  appropriation  t 

Mr.  Waite.  I  think  we  did ;  l>VLt  I  do  not  remember  now  the  exact 
character  of  it. 

The  Chairman.  The  object  of  sending  out  that  circular  was  to  learn 
from  the  intelligent  men  of  the  country  what  the  defects  were. 

Mr.  Waite.  I  remember  we  talked  it  over,  and  we  said  at  the  time 
that  it  seemed  strange  the  Government  should  fall  into  errors,  with  the 
able  men  they  had. 

The  Chairman.  Did  you  inform  the  Government  of  any  of  the  oon- 
elusions  you  reached  f 

Mr.  Waite.  Ko,  sir ;  in  fact  we  were  not  discussing  that  subject  for- 
mally. It  came  up  in  conversation  with  some  marine  architects  who 
were  in  the  office  at  the  time. 

The  Chairman.  Have  you  ever  made  any  machine  tools  in  your 
works  t 

Mr.  Waite.  No,  sir.  Our  principal  business  is  the  building  of  wooden 
hulls ;  although  in  connection  with  engine  builders  we  have  made,  and 
are  prepared  to  make,  bids  for  the  construction  of  vessels  ready  for 
service,  including  everything. 

The  Chairman.  Do  you  consider  that  Philadelphia,  or  any  other  place 
on  the  Delaware,  or  Kew  York  has  any  advantages  over  Baltimore  in 
the  construction  of  ships! 

Mr.  Waite.  I  think  Baltimore  has  the  advantages.  I  think  the  labor 
in  Baltimore  is  more  conservative  outside  of  the  ship  carpenters.  If  it 
comes  to  building  iron  ships  I  think  Baltimore  is  ^e  best  point  As 
there  is  less  of  that  class  of  labor  employed  here,  there  is  less  labot 
organization.  At  the  same  time  there  is  ample  labor.  Iron  ship-build- 
ing does  not  require  very  much  skilled  labor.  Th^re  must  be  some 
first-class  foremen  and  first-class  gang  leaders. 

The  Chairman.  Would  yon  select  foreigners  for  those  foremen  and 
leaders  t 

Mr.  Waite.  I  do  not  think  the  nationality  would  make  any  difference. 
It  would  depend  upon  the  experience  and  capacity  of  the  man  and  not 
his  nationality. 

The  Chairman.  If  you  received  a  contract  from  the  Government  to- 
morrow to  build  a  6,000  or  10,000  ton  ship  would  the  foremen  or  leading 
men  in  your  shops  be  mostly  Americans  or  foreigners  f 

Mr.  Waite.  I  should  answer  Americans  j  although  the  foreman  in 
my  shipwright  shop  now  is  a  German- American,  and  some  of  my  other 
foremen  are  Germans.  But  we  taught  them  everything  they  know  in 
this  country.  • 

The  Chairman.  Do  you  know  anything  about  the  forging  or  rolling- 
mill  capacity  of  works  in  the  United  States  ! 

Mr.  Waite.  I  do  not. 

The  Chairman.  By  what  method  do  you  think  the  Government  can 
best  be  supplied  with  guns,  armor,  and  war  vessels  t  That,  of  course, 
would  include  a  consideration  of  the  question  whether  the  ships  should 
be  built  entirely  in  the  navy -yards,  entirely  in  private  yards,  or  partly 
in  navy -yards  and  partly  in  private  yards. 

Mr.  Waite.    I  answer  that  question  onhesitatinglyy  by  privste 
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parties — especially  in  point  of  economy;  and,  besides,  I  believe  it 
coald  be  done  better.  I  only  speak  now  of  ships  and  not  of  making 
gnns.  I  do  not  know  anything  abont  that  and  can  say  nothing  about 
it. 

The  Chairman.  What  do  you  consider  the  comparative  cost  of  build- 
ing ships  in  navy-yards  or  in  private  yards  f 

Mr.  Waite,  If  that  means  what  percentage  can  be  saved,  I  believe 
that  a  very  large  percentage  could  be  saved  by  awarding  contracts  to 
private  firms. 

The  Chairman.  Why  cannot  ships  be  built  as  cheaply  in  navy -yards 
as  in  private  ones  Y 

Mr.  Waite.  I  believe  that  tho,  men  are  required  to  do  more  work  in 
^  day  for  private  jiarties  than  lor  the  Governmeut. 

The  Chairman.  Then  yon  consider  the  eight-hour  law  a  great  disad- 
vantage to  the  Government  f 

Mr.  Waite.  Not  that  only  ;  but  I  know  that  the  men  do  not  have  to 
do  as  much  work.  We  never  take  a  man  from  a  Government  yard.  He  is 
spoiled  for  hard  work.  There  is  not  the  push  in  a  Government  yard 
that  there  is  in  a  private  one.  The  work  can  be  done  as  well,  but  the 
private  firms  do  not  take  so  mach  time. 

The  Chairman.  You  say  yon  are  not  acquainted  with  the  forging  and 
rolling-mill  capacity  of  the  country.  Have  you  given  any  attention  to 
the  question  whether  a  large  iron -clad,  similar  to  those  of  England, 
could  be  built  in  this  country  withi|i  a  reasonable  time  f  Such  an  iron- 
clad would  require  heavy  steel  forgings  and  armor  plating. 

Mr.  W Aiflp.  I  cannot  say  positively,  of  course ;  but  1  know  that  there 
is  uothing  in  the  iron  and  steel  line  which  our  steel  men  will  not  under- 
take. If  they  have  not  the  rolls  and  plant*  now  they  could  get  them. 
But  there  is  no  forging  done  in  Baltimore  to  speak  of. 

The  Chairman.  Would  you  be  willing  to  undertake  the  building  of 
armored  ships  that  would  be  duplicates  of  the  latest  types  in  the  British 
navyt 

Mr.  Waite.  My  impression  is,  yes. 

The  Chairman.  Where  would  you  get  the  heavy  armor  plates  and 
steel  shafts  that  would  be  required  t 

Mr.  Waite.  We  would  have  to  prepare  for  them.  I  do  not  believe 
there  is  an  establishment  in  the  United  States  that  could  make  them  at 
once.    They  would  want  the  Government  to  give  them  inducements. 

The  Chairman.  What  kind  of  inducements — subsidies  or  contracts! 

Mr.  Waite.  I  mean  good  pay  for  the  finished  product,  taking  into 
consideration  the  expense  of  preparing  the  plant. 

The  Chairman.  Are  you  familiar  with  the  conclusions  and  recom- 
^lendatioMS  of  the  Gun  Foundry  Board,  which  made  a  report  February 
16, 1884,  and  a  supplementary  report  December  20, 1884! 

Mr.  Waite.  No,  sir;  I  am  not. 

The  Chairman.  Some  of  their  conclusions  in  regard  to  gun-making 
might  be  applied  to  ship* building  t 

Mr.  Waite.  The  heavy  armor  plating  and  heavy  shafts  are  the  only 
complications  in  building  the  ships  in  this  country,  and  they  are  not  in 
the  way,  except  that  nobody  has  ever  been  paid  to  produce  them.  My 
impression  is  that  it  is  only  necessary  to  order  them  to  have  them. 

The  Chairman.  But  that  they  must  be  ordered  in  sufficiently  large 
quantities  to  pay  for  producing  themf 

Mr.  Waite.  Yes,  sir.  So  far  as  the  raw  material  is  concerned  there 
is  no  scarcity  of  it.  It  is  only  necessary  to  have  the  tools ;  we  have  the 
6kilJ  and  ability. 
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The  Chairman.  Do  you  think  that  such  a  ship  conld  be  built,  if  yon 
had  the  plant,  in  this  country  as  cheaply  as  in  England  f 

Mr.  Waite.  Kot  while  there  is  the  present  difference  in  price  of  labor 
between  the  two  countries. 

The  Chairman.  Would  the  only  difference  be  that  of  labor? 

Mr.  Waite.  Yes,  sir ;  except  the  extra  amount  of  cost  which  would 
be  necessary  to  stiirt  the  plant.  After  the  first  two  ships,  my  judgment 
is  that  they  would  be  better  ships,  and  the  siipeiior  workmanship  here 
would  nearly  make  up  the  ditierence  in  the  cost  of  labor.  Xo  foreign 
work  compares  with  our  work  in  this  country.  We  have  merchant 
ships  here  which  will  compare  with  dny  in  the  world. 

The  Chairman.  With  your  knowledge  of  ship- builders  in  Baltimore 
can  you  give  the  names  of  those  firms  which  would  be  likely  to  under- 
take the  building  of  iron  and  steel  ships  for  the  Government  if  they  had 
sufficient  inducements  t    Are  there  many  or  few  t 

Mr.  Waite.  Very  few.  There  are  ten  leading  firms  in  the  ship-build- 
ing business  in  Baltimore,  and  I  do  not  think  that  one  of  them  has  built 
what  you  would  call  a  ship.  There  is  no  establishment  in  Baltimore 
that,  without  preparation,  could  jump  at  once  to  the  building  of  a  6,000- 
ton  ship. 

The  Chairman.  How  long  would  it  take  them  to  get  ready. 

Mr.  Waite.  If  a  firm  had  a  contract  for  a  vessel  and  the  material  was 
available,  they  could  get  ready  to  build  her  while  they  were  getting 
the  preliminary  part«  of  the  vessel  under  way.  It  might  take  them 
several  months. 

The  Chairman.  I  infer  from  your  last  statement  that.a  very  large 
amount  of  preparation  is  not  necessary  in  order  to  build  large  iron  or 
steel  ships  t 

Mr.  Waite.  That  is  to  build  the  hull  of  an  iron  or  steel  ship.  Of 
course,  preparations  are  necessary  for  that,  but  nothing  compared  with 
the  preparations  necessary  to  build  the  boilers  and  engines. 

The  Chairman.  Which  system  would  you-  favor,  that  the  ship- 
builder should  finish  the  ship  completely  himself,  or  that  he  should* 
have  the  right  to  buy  the  engines  and  boilers  where  he  chooses  Y 

Mr.  Waite.  I  think  the  only  care  the  Government  has  is  to  get  a 
ship,  and  it  ought  to  make  no  difference  whether  one  man  builds  the  hull 
and  another  the  engines,  or  whether  one  man  bcdlds  all.  It  is  decidedly 
better,  in  my  opinion,  that  one  man  should  have  the  contract  for  all. 
I  do  not  think  it  is  the  best  plan  to  make  a  contract  with  A  for  an 
engine  and  with  B  for  a  hull.  I  think  one  man  should  have  the  eon- 
tract,  and  be  responsible  for  all. 

The  Chairman.  Have  you  any  other  suggestions  to  offer  that  will 
assist  the  committee  in  the  direction  of  the  resolution  under  which  it 
is  making  its  inquiries  Y 

Mr.  Waite.  Where  we  are  deficient  in  producing  10,000-ton  ships  is 
in  the  need  of  heavy  shafts,  heavy  forging,  and  plating.  In  order  to  en- 
courage the  production  of  these  items  (which  are  not  available  in  the 
United  States  on  account  of  the  absence  of  proper  plant  to  produce 
them)  it  will  be  necessary  for  the  Government  to  give  greater  encour- 
agement than  by  simply  awarding  contracts  to  the  lowest  bidders. 
There  must  be  some  understanding  with  the  manufacturer  which  will 
encourage  him — some  subsidy,  a  liberal  contract,  or  some  line  or  dis- 
cretion given  to  the  Government  officer  to  arrange  for  a  starty  after 
which  the  want  will  correct  itself. 


IiEtTEB  mOM  &OfiE&T  WETHEKIIL  &  CO. 

[Bobert  Wetherill  &,  Co.,  Corliss  engine  builders,  boilers,  shafting,  pnlleys,  and  mill- 
gearing.] 

Ohbsteb,  Pa.,  August  4, 1884. 
Gentlemen  :  We  notice  the  resolutioDS  adopted  by  the  Senate  of 
the  United  States  for  the  manufacture  of  heavy  ordnance.  We  have 
located  here,  on  the  Philadelphia,  Wilmington  and  Baltimore  Railroad, 
large  machine-shops,  fitted  up  with  the  latest  improved  machine  tools, 
and  other  facilities  for  the  manufacture  of  heavy  work.  We  also  have 
near  at  hand  a  new  open-hearth  steel  plant,  where  we  can  furnish  solid 
steel  castings. 

We  will  be  very  much  pleased  to  have  you  visit  our  works,  and  we 
will  be  at  your  service. 

Respectfully,  yours, 

ROBERT  WETHERILL  &  CO. 
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8TATEMEHT  OF  VB.  B.  B.  HOTCHKISS. 

New  TobKi  Augutt  8, 1884. 

The  Chairman.  The  scope  of  oar  inqairy  covers  the  prodaction  of 
steel — ^beginning,  if  you  choose,  at  the  ore — suitable  for  heavy  guns,  the 
annor-platiog  of  ships,  &c.  One  point  covered  in  the  resolution  under 
which  the  committee  acts  is  the  extent  to  which  we  can  get  work  done 
by,  and  the  extent,  if  any,  to  which  we  can  co-operate  with,  private 
parties.  That  is  the  main  point,  and  is  one  on  which  your  experience 
eminently  qualifies  you  to  speak. 

Mr.  HoTCHKiss.  In  regard  to  the  different  kinds  of  steel,  there  is  bat 
one  that  I  u(«e,  namely,  the  Whitworth  fluid  compressed  steel.  I  bave 
been  using  it  about  nine  years.  At  first  I  used  Firth's;  then  an  Aus 
trian  steel  called  Myer's,  which  was  better  than  Firth's.  Afterwards  1 
began  using  Whitworth's,  and  the  French  navy  departmeat  was  so  well 
pleased  with  it  that  they  required  in  all  contracts  for  steel  gun-barrels 
that  Whitworth's  fluid  compressed  steel  should  l>e  used.*  Within  tbe 
last  few  years  they  have  had  me  experiment  with  Schneider's  st^sl,  made 
at  Creusot,  but  1  found  the  difference  between  the  two  steels  was  so 
great  that  we  stand  by  Whitworth's.  I  know  Sir  Joseph  Whitworth 
intimately  now,  but  I  never  saw  him  until  I  ha<l  used  his  st^'cl  two 
years.     Ihave  never  had  any  trouble  with  it. 

The  Chairman.  Are  you  familiar  with  the  process  of  manufacturiu^^ 
this  steel  t 

Mr.  IJoTCHKiss.  All  I  know  is  that  it  is  fluid  compressed.  They  will 
not  allow  us  to  see  any  of  the  processes  of  its  manufacture.  The  mem 
bers  of  the  Gun  Foundry  Board  are  the  only  persons  who  have  ever 
been  admitted  to  the  Whitworth  works  to  witness  the  operations  of 
liquid  compression  and  hydraulic  forging.  Not  one  English  oflicer  has 
ever  seen  them.    I  have  not. 

The  Cn AIRMAN.  What  do  you  consider  the  peculiar  excellence  of  the 
steel ! 

Mr.  HoTCHKiss.  Probably  there  is  something  in  the  mixture  of  tbe 
ore  and  iron  which  he  uses.  But  the  principal  point  is  the  fluid  com 
pression.  He  pours  the  steel  into  molds,  and,  when  in  its  hottest  state, 
brings  hydraulic  pressure  to  bear  on  the  opiumn.  By  that  means  the 
gas  and  what  would  make  flaws  in  an  ordinary  bar  of  steel  are  pressed 
out  of  it.  1  have  used  about  10,000  bars  of  this  steel,  and  have  never 
had  but  one  single  bar  to  return,  and  that  had  a  piece  of  cinder  in  it 
The  drill  struck  against  the  cinder,  and  of  course  had  to  stop. 

The  Chairman.  In  what  shape  does  the  steel  come  to  you  f 

Mr.  HOTCHKISS.  In  regular  bars. 

The  Chairman.  Do  you  work  it  overt 

Mr.  HOTCHKISS.  Kot  at  all.  Some  of  the  bars  are  oil  tempered  and 
some  are  not.    The  oil-tempered  bars  are  for  the  larger  guns. 

The  Chairman.  Are  they  all  of  uniform  excellence! 

Mr.  HOTCHKISS.  Yes,  sir  5  they  are  all  very  uniform. 

Mr.  HiscocK.  Your  idea  is  that  an  ingot  of  steel  from  Whitworth, 

*  Whitworth  has  faraished  about  20,000  gun-barrels  for  Hotchkisa  giua.  Aajroft 
2,  1885.    (Chainuttn). 
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of  whatever  size,  is  a  fine  quality  of  steel  and  free  from  gas-holes  all 
:;he  way  through  f 

Mr.  HoTOHKiss.  He  gives  a  guarantee  to  everybody  that  if  there  is 
so  much  as  a  pin-hole  in  an  ingot  it  can  be  returned. 

Mr.  Eandaxl.  Will  it  heat  and  cool  with  uniformity  f 

Mr.  HoTCHKiss.  I  have  not  seen  any  do  better. 

Mr.  B.XJTLER.  Are  they  not  hammered  at  all  t 

Mr.  HoTOHKiss.  No,  sir ;  they  are  forged  by  hydraulic  pressure  in- 
stead of  by  the  hammer.  The  heated  bars  are  handled  between  the 
dies,  which  open  and  close  rapidly.  The  effect  is  a  pressure,  and  not  a 
blow.    The  temperature  is  about  the  same  as  that  for  the  hammer. 

The  Chairman.  Does  it  come  from  that  process  directly  to  you  f 

Mr.  HoTOHKiss.  Yes,  sir ;  after  cutting  off  the  ends  of  the  bars.  We 
receive  it  as  bar  steel,  and  work  it  into  guns. 

Mr.  Butler.  You  never  tried  any  American  steel  ? 

Mr.  HoTCHKiss.  Never.  Undoubtedly,  however,  you  can  make  good 
steel  here. 

The  whole  foundation  of  the  gun  business  is  in  the  metal.  There 
is  no  question  about  it.  You  must  have  good  metal  to  make  good 
guns.  Of  course  there  are  a  great  many  modes  of  making  guns.  Then, 
again,  you  must  expect  to  see  progress  in  their  manufacture.  Guns  that 
are  good  to-day  may  be  wqrthless  ten  years  from  now.  Guns  that  were 
good  twenty  years  ago  are  now  of  no  use  except  for  old  metal. 

The  Chairman.  You  would  not  sell  any  of  your  own  guns  made 
twenty  years  ago  f 

Mr.  HoTCHKiss.  Not  one.  If  yon  are  going  to  meet  a  Government 
equipped  with  modem  artillery  you  must  have  modern  guns.  If  you 
take  an  old  machine-shop  and  one  built  to-day,  and  undertake  to  get 
the  same  work  out  of  both  you  will  find  that  it  cannot  be  done. 

Mr.  Randall.  Do  you  have  to  compete  in  France  with  any  Govern- 
ment establishment  Y 

Mr.  HoTCHKiss*  No,  sir ;  my  guns  are  my  inventions,  and  no  Gov- 
ernments have  attempted  to  copy  them. 

Mr.  Randall.  It  is  the  policy  of  the  French  Government  to  encour- 
age the  enterprise  of  private  individuals! 

Mr.  HOTCHKISS.  Yes,  sir. 

Mr.  Randall.  Is  there  any  disadvantage  in  selling  to  the  Govern- 
ment in  France! 

Mr,  HOTCHKISS.  No,  sir ;  there  is  no  trouble  about  pay.  I  get  my 
money  always  in  twenty  days. 

Mr.  Randall,  I  do  not  mean  that.    I  refer  to  the  amount  of  pay. 

Mr.  HoTCHKiss.  We  never  have  any  trouble  about  that. 

Mr.  Butler.  Do  you  use  the  Whitworth  steel  exclusively  ! 

Mr.  HOTCHKISS.  No,  sir ;  General  Dard  has  made  us  experiment 
with  the  Schneider  steel,  and  we  have  been  doing  so  for  about  a  year 
and  a  half.  He  said  that,  in  case  of  trouble  with  England,  France  must 
be  independent  and  make  her  own  steel.  So  we  have  used  about  three 
or  four  hundred  bars ;  but  the  difference  between  the  two  is  very  great! 
Messrs.  Schneider  &  Co.  replace  all  bars  that  do  not  meet  the  tests. 

Mr.  Butler.  Where  do  the  Schneider  works  get  their  ores  ! 

Mr.  HoTCHKiss.  From  different  localities. 

Mr.  Randall.  What  is  the  policy  of  the  German  Government  in  re- 
gard to  manufacturing  guns.    Have  they  Government  works  !     , 

*  The  committee  have  been  informed  by  Hotchkiss  &  Co.,  under  date  of  November, 
1865,  that  they  use  Schneider  steel  quite  extensiyely,  and  that  it  possessea  the  higb 
•tandwrd  quaUtiea  required  for  gun  mauufaotare,    (Chairman.) 
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Mr.  HoTCHKiss.  No ;  none  at  all.  All  their  gans  are  made  bj  Krapp, 
and  at  Greusot.  If  any  one  should  go  to  Germany  and  want  to  inspect 
the  gun-works,  the  Government  officials  give  him  a  letter  to  Krapp,  who 
will  ask  him  at  once  if  he  wants  to  buy  guns.  Mr.  Krupp  will  show 
him  the  completed  guns,  but  will  never  let  him  inspect  tht»  process  of 
manufacture. 

Mr.  Randall.  But  what  is  the  policy  of  the  Government  there  f 

Mr.  'HoTCHKiss.  To  encourage  private  enterprise. 

Mr.  Randall.  How  is  it  in  England! 

j\Ir.  HoTcnKiss.  There  it  is  mixed.  Most  of  the  English  guns  are 
made  by  Armstrong.    His  establishment  has  been  enlarged  enormously. 

Mr.  HiscocK.  That  is  the  old  establishment  the  Government  fur- 
nished the  money  for  many  years  ago  f 

M  r.  HoTCHKiss.  Yes.  England  has  just  abandoned  the  old  wrought- 
iron.  and  adopted  the  steel, gun,  and  is  now  converting  the  old  plant 
at  Woolwich  for  the  manufacture  of  steel  guns.  1  have  just  closed  a 
contract  with  the  English  Government  for  one  hundred  guns,  part  for 
the  navy  and  part  for  the  army. 

Mr.  Randall.  Of  what  size! 

Mr.  floTGHKiss.  Six-pounder  shell  guns,  made  to  fire  from  the 
shoulder,  on  board  ship  or  iu  fortificationa  I  am  preparing  to  build  a 
factory  in  England.*  The  English  Government  notified  me  that  it 
wanted  2,000  guns,  at  least. 

The  (3HAIRMAN.  Six  pounders! 

Mr.  HOTCHKISS.  Yes. 

Mr.  BUTLKB.  Does  this  gun  move  on  a  pivot! 

Mr.  HoTCiiKiss.  Yes;  and  is  tired  from  the  shoulder. 

DESnaPTlOX  (»F   HOTCHKISS   KAPID-FlRINCf  XOX-RKCOIL  GCX.     (PLATE  4.) 

This  wysttMu  of  onlnauce,  called  forth  thiH>u^h  the  dewiro  of  some  GoverDineutH  for 
v«?ry  powerful  rapid-liring  siijjrle-harrt?!  gniiH,  but  luueh  lighter  than  the  rovolviiijj 
cunnou,  or  other  multibarrelgnn  which  could  be  caoMtructeu  of  equal  power,  is  prac- 
tical for  most  light  artnamentH. 

Evidently  the  rapidity  of  lire  of  any  single-barrel  gun  must  fall  far  short  of  that 
of  a  guu  with  several  biirrels ;  however,  a  rapidity  of  about  15  or  iJO  rounds  per  min- 
ute has  been  attained,  and  thin  is  couHidered  sufllcicnt  for  the  purposes  for  which  these 
guns  are  designed. 

The  HotchkisH  guns  are  called  **  non-recoil,"  because  they  are  generally  mounted 
on  iixed  elastic  pivots  and  have  no  perceptible  recoil,  although  the  guns  in  reality 
have  a  detinite  amount  of  movement  at  t\w  departure  of  the  ])n)jectile  sufficient  to  re- 
lieve the  mountings  of  undue  shock. 

In  all  cases,  except  for  the  larger  calibers  for  boat  service,  and  for  the  field,  these 
guns  are  laid  by  means  of  a  stock  or  shoplderpiece,  bearing  against  the  leit-  shonlder 
(as  in  the  Hotchkiss  revolving  cannon),  and  a  pistol-grip  with  trigger,  which  the  gun- 
ner grasps  with  his  riglit  hand ;  he  lires  by  pulling  the  trigger  the  moment  his  sights 
bear  upon  the  object  aimed  at.  It  will  be  seen  that  this  gun  hiiH  the  general  charac- 
teristics of  the  IIotcbkisH  mounting,  viz: 

First.  Gun  mounted  on  a  pivot  and  trained  direct  by  the  shoulder  without  the  aid 
of  any  elevating  or  directing  mechanism,  thus  enabling  the  gun  to  be  pointed  easily 
and  rapidly  from  moving  and  rolling  vessels  against  swiftly-running  objects. 

Second.  Sighting  and  firing  placed  in  the  hand  of  a  single  man,  which  gives  more 
accurate  work  ;  better  results  can  be  obtained  than  with  any  combination  of  men  to 
sight  and  fire. 

Mr.  BuTLEB.  What  is  its  range  ! 
Mr.  Hotchkiss.  Seven  or  eight  thousand  yards. 
The  Chairman,  flow  long  is  the  cartridge  I 

Mr.  Hotchkiss.  The  shells  are  7  inches  long,  and  the  complete  car- 
tridges about  20J  inches. 

'  Since  the  death  of  Mr.  Hotchkiss,  Armstrong  &.  Co.  have  undertaken  the  mana- 
facture  of  Hotchkiss  guns,  and  the  steel  is  furnished  by  Whitworth  and  othen, 
(Cbairojaa.) 
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The  Chairman.  What  is  the  velocity  of  the  projectile  f 

Mr.  HoTOHKiss.  It  has  a  velocity  of  abont  2,200  feet  per  second. 

The  Chairman.  What  is  the  length  of  the  barrel  f 

Mr.  HoTOHKiss.  About  8  feet.  The  French  war- vessels  each  carry 
from  '20  to  32  of  these  guns;  keeping  a  few  extra  ones  in  case  of  acci- 
dent. They  have  a  large  number  of  sockets  that  the  guns  may  be 
moved  from  one  end  of  the  ship  to  the  other,  or  from  one  side  to  the 
other,  at  will.  We  have  furnished  the  French  navy  department  about 
1,100  guns.  The  War  Department  has  had  600  for  flank  defenses  of 
fortifications }  and  we  have  a  large  number  of  orders  on  hand. 

Mr.  Butler.  Can  you  use  them  for  field  pieces  ? 

Mr.  HoTCHKiss.  Yes ;  very  successfully. 

The  Chairman.  Does  the  French  Government  make  any  large  guns  t 

Mr.  BoTCHJKiss  The  army  makes  siege  guns.  My  impression  is  that 
about  the  largest  army -made  gun  is  a  7-inch  siege  gun.  All  the  sea- 
coast  fortifications  and  all  the  ships  are  armed  by  the  navy. 

The  Chairman.  Who  makes  their  guns! 

Mr.  HoTOHKiss.  The  material  is  principally  supplied  by  Schneider 
&  Co.,  of  Le  Greusot,  and  the  naval  gun  factories  make  the  guns. 

The  Chairman.  How  near  Paris  is  your  establishment? 

Mr.  HoTCHKiss.  About  6  miletj  from  Paris,  at  Saint-Denis.  1  have 
another  at  Magdeburg.  20  miles  from  Berlin,  and  am  preparing  to  build 
one  for  the  EngKhh.    The  Russians  also  want  me  to  build  one  in  Russia. 

Mr.  Morgan.  Would  you  come  to  the  United  States  and  build  one 
here? 

Mr.  HoTCHKiss.  Certainly,  if  the  business  was  sufficient.  Of  coun$e 
I  cannot  make  guns  as  cheaply  here  as  I  can  in  France. 

Mr.  Randall.  Why  not  f 

Mr.  HoTCHKiss.  Because  labor  in  France  is  so  much  cheaper.  The 
highest  price  we  pay  for  labor  is  seven  framjs  a  day — about  $1.40. 

Mr.  Randall.  What  would  be  the  price  of  corresponding  labor  here! 

Mr.  HOTCHKISS.  I  suppose  about  $3.  You  must  remember  that  the 
cost  of  steel  is  in  proportion  to  the  labor  upon  it. 

The  Chairman.  How  long  have  you  been  in  France  f 

Mr.  HOTCHKISS.  Seventeen  years  last  June. 

TLe  Chairman.  How  many  men  do  you  employ  f 

Mr.  HoTCHKiss.  About  a  thousand. 

The  Chairman.  How  many  styles  of  guns  do  you  make  f 

Mr.  HOTCHKISS.  Three  or  four  styles,  but  a  great  many  different  sizes 
and  classes  of  guns.     We  make  five  sizes  of  revolving  cannon. 

The  Chairman.  Runniug  from  what  caliber? 

Mr.  HOTCHKISS.  From  1 J  inches  up  to  2J  inches.  We  have  seven 
different  guns,  with  projectiles  ranging  from  a  pound  and  a  quarter  up 
to  six  pounds. 

Th^e  Chairman.  How  many  men  do  you  employ  at  Magdeburg! 

Mr.  HOTCHKISS.  About  400. 

Mr.  Randall.  When  the  French  Government  makes  a  contract  for 
the  delivery  of  large  guns,  how  many  do  they  test  before  they  begin  to 
accept  I    • 

Mr.  HOTCHKISS.  When  a  new  and  improved  gun  is  presented,  it  is 
tested,  and  if  the  report  is  favorable,  the  contract  is  awarded.  One- 
third  of  the  money  is  paid  when  the  contract  is  signed ;  one-third  when 
the  work  is  half  done,  and  the  remaining  one-third  when  the  contract  is 
completed. 

Mr.  Randall.  So  that  they  practically  advance  the  money  to  make 
these  guns  1 
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Mr.  HoTOHKiss.  Yes ;  all  European  €k>yemment8  do  the  same.  Bat 
I  never  receive  pay  in  advance  from  the  United  States  or  France ;  bat 
from  the  other  Oovernments  I  asnally  take  the  advance. 

Mr.  Randall.  What  other  Governments  pay  in  advance  t 

Mr.  HoTGHKiss.  Kmpp  always  gets  an  advance.  He  is  at  work  for 
the  whole  world  except  the  United  States,  and  the  German  Government 
gets  the  benefit  of  the  tests  of  all  the  gans  that  are  mannfactored.  The 
German  Government  keeps  an  officer  at  Erupp's  factory  who  sees  every 
gun  for  every  Government. 

Mr.  Band  ALL.  Is  every  gan  fired  before  it  is  accepted  T 

Mr.  HoTOHKiss.  Yes ;  with  an  increased  weight  of  projectile  and  an 
increased  charge  of  powder,  I  think  six  roonds. 

Mr.  Randall.  And  the  Government  is  not  bound  to  take  anythiag 
that  does  not  come  up  to  a  previously  agreed  testf 

Mr.  BoTCHKiss.  ^Oy  sir. 

Mr.  Randall.  Each  gun  is  tested,  not  each  kind  of  gun  t 

Mr.  EoTOHKiss.  Every  gun  is  accepted  and  received  by  itself. 

Mr.  Morgan.  About  how  many  guns  do  you  make  a  year? 

Mr.  H0TGHKIS8.  About  four  or  five  hundred.  Each  barrel  has  to 
be  tested  before  and  after  it  goes  into  the  gun.  I  have  never  had  a  gun 
rejected. 

Mr.  MoBGAN.  What  is  the  rough  cost  of  your  plant  f 

Mr.  HoTOHEiss.  I  could  not  tell  you.  I  commenced  with  a  small 
plant,  employing  20  men ;  now  I  employ  1,000.  I  have  been  all  the  time 
making  additions.  I  have  spent  a  large  amount  of  money,  and  to  tell 
how  much,  must  refer  to  books.  I  never  asked  the  Government  to  ad- 
vance me  a  dollar. 

The  Chairman.  Where  were  you  born  f 

Mr.  HuTGHKiss.  In  Sharon,  Connecticut.  I  am  56  years  old.  I  began 
life  iu  the  manufacture  of  hardware,  and  working  on  a  farm. 

TheCn  AIRMAN.  Gentlemeu,  do  you  wish  to  ask  Mr.  fiotchkiss  anything 
further  t 

Mr.  Randall.  What  is  the  quick  firing  of  what  might  be  termed  a 
battle  test.  Is  it  the  rapidity  of  firing  in  battle  t  Do  they  ever  make 
such  a  test  f 

Mr.  HoTCHKiss.  With  the  revolving,  cannon  they  fire  BO  shots  a  min- 
ute. 

Mr.  Randall.  Is  that  the  character  of  all  tests  ? 

Mr.  HoTCHKiss.  As  a  rule  not.  They  generally  fire  a  number  of 
rounds.  Suppose  you  are  firiug  at  1,500  yards;  you  would  fire  about  12 
shots  a  minute,  because  you  have  to  sight  the  gun  at  each  shot.  If  you 
are  at  close  quarters — 200  or  300  yards— you  could  fire  20  shots  a  min- 
ute. Everything  depends  upon  the  distance.  With  a  Gatling  gun  yon 
cnn  get  an  enormous  speed,  but  at  long  ranges  more  time  is  necessary 
for  good  work. 

The  Chairman.  What  is  the  size  of  the  smallest  projectile  f 

Mr.  IIoTCHKiss.  One  and  a  half  inches  in  diameter. 

The  Chairman.  That  has  great  force  at  a  mile  T 

Mr.  UoTCHKiss.  Yea,  up  to  five  miles. 

The  Chairman.  But  I  mean  for  good  firing. 

Mr.  HOTCHKISS.  The  French  Government  have  the  guns  sighted  for 
3,000  meters ;  that  is  aboi;t  two  ipileSf 


SOUTH  BOSTON  IRON  WORKS. 

STATEMENT  OF  MR.  WILLIAM  P.  BUST. 

Newport,  R.  I.,  August  28, 1884, 

The  Chaibman.  Please  give  your  full  uanie  and  present  position. 

Mr.  Hunt.  William  P.  Hunt,  president  and  treasurer  of  the  South 
Boston  Iron  Works. 

The  Chairman.  What  is  the  extent  of  your  experience  in  your  pro- 
fession f 

Mr.  Hunt.  I  have  occupied  an  official  position  with  the  original  South 
Boston  Iron  Company ;  and  with  the  South  Boston  Iron  Works  since 
1863,  and  have  been  connected  with  them  since  1847. 

The  Chairman.  Do  you  make  yourself  personally  familiar  with  the 
processes  of  manufacture  in  your  works! 

Mr.  Hunt.  Yes,  sir. 

The  Chairman.  You  have  read  the  resolution  under  which  we  are 
acting? 

Mr.  Hunt.  I  have. 

The  Chairman.  We  would  be  glad  to  hear  your  opinion  on  the  ques- 
tions involved  in  our  inquiry. 

Mr.  Hunt.  I  do  not  recall  the  exact  language  of  tbe  circular  which 
the  committee  sent  me,  but  I  have  understood  that  the  two  points  which 
are  being  considered  more  especially,  are  the  question  as  to  the  proper 
material  for  heavy  ordnance  and  the  question  as  to  the  proper  plants 
for  manufacturing  large  guns. 

The  Chairman.  The  general  scope  of  the  inquiry  includes  the  capac- 
ity for  the  production  of  steel  in  this  country,  the  extent  to  which  heavy 
plants  are  held  by  private  parties,  the  processes  of  manufacture,  and 
the  wisdom  and  extent  of  co-operation  between  the  Government  and 
private  parties. 

Mr.  Hunt.  As  to  the  plants,  I  suppose  you  all  know  that  ever  since 
the  establishment  of  the  Government  it  has  relied  principally  on  four 
establishments  for  its  supply  of  ordnance — the  Tredegar  Iron  Works 
at  Richmond,  Va.,  the  Fort  Pitt  Foundry  at  Pittsburgh,  Pa.,  the  West 
Point  Foundry  at  Cold  Spring,  N.  Y.,  and  the  South  Boston  Iron  Works 
at  Boston,  Mass.  Those  establishments  were  supported  regularly;  that 
is,  aunual  appropriations  to  a  moderate  amount  were  made,  so  that  they 
were  kept  busy  up  to  the  time  of  the  war  and  during  the  war.  Appro- 
priations were  made  without  intermission  during  that  time.  Since  the 
war  very  little  has  been  done,  and  for  a  portion  of  the  time  nothing  at 
all. 

When  the  war  broke  out  the  Tredegar  Works  at  Eichmond  of  course 
served  the  South,  and  the  others  were  very  active  in  the  North  ;  dur- 
ing the  war  there  were  several  other  establishments  that  undertook  to 
make,  and  did  make,  guns.  The  Scott  Foundry  at  Reading,  Pa.,  made 
a  few,  the  Builders'  Foundry  in  Providence  made  a  few,  a  concern  in 
Portland,  Me.,  made  a  few ;  and  there  may  have  been  others. 

Up  to  the  time  of  the  war  the  Government  had  relied  entirely  upon 
t)i08e  four  estabUsbments,  and  it  te  generally  admitted  that  the  ord- 
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nance  at  that  time  was  excellent.  It  is  even  claimed  that  it  was  sa- 
perior  to  ordnance  in  other  parts  of  the  world.  I  think  we  had  heavier 
gnns  at  the  time  the  war  broke  out  than  any  other  nation.  We  then 
had  12-inch  Columbiads,  as  we  call  them.  As  soon  as  the  war  broke 
out  we  increased  the  caliber  to  15  inches,  and  some  200  15inch  guns 
were  made ;  at  that  time  they  were  coiTsidered  of  suitable  projiortions, 
but  since  the  improvement  in  gunpowder  they  are  found  not  to  burn 
powder  enough.  They  are  only  11  calibers  long,  whereas  they  shonld 
be  28  or  30  calibers.  But  since  the  war  there  has  been  nothing  asked 
for  by  the  Goverument,  consequently  there  has  been  no  advance  at  all. 

The  Chairman.  Please  explain  the  difference  between  a  long  gun  and 
a  short  gnu  with  respect  to  the  advantages  possessed  by  the  long  one. 

Mr.  Hunt.  The  trial  to  a  gun  is  in  overcoming  the  inertia  of  the  pro- 
jectile. Formerly  quick-burning  powder  was  used,  and  the  gun  was  made 
comparatively  short  because  the  powder  had  spent  its  force  by  the  time 
the  projectile  had  been  thrown  ten  or  twelve  times  its  diameter.  It  is 
now  found  that  better  results  are  attaineil  by  using  •* slow- burning" 
powder,  which  starts  the  inert  projectile  gradually  and  without  severe 
strain  upon  the  gun,  but  increases  its  force  for  twice  the  length  of  time 
of  quick-burning  powder.  Consequently  the  gun  should  l>e  twice  as 
long  in  order  to  hold  and  avail  of  this  force.  The  result  is  much  relief 
to  the  gun  in  overcouiiug  the  inertia  of  the  projectile,  an<l  much  higher 
muzzle  velocity,  from  the  longer  time  the  projectile  is  in  the  hands  •f 
the  powder,  so  to  speak.  Dynamite  in  a  gun  would  break  the  gun,  be- 
cause the  inertia  of  the  projectile  would  not  be  overconie  so  suddenly 
without  more  strain  than  the  gun  would  bear.  Thus  it  appears  that 
improved  gunpowder  with  guns  of  proper  length  not  only  increases  the 
velocity  of  the  projectile,  but  does  so  with  much  less  stress  upon  the  gun, 
adding  immensely  to  the  reliability  and  endurance.  The  data  from  which 
to  estimate  the  practical  value  of  this  more  serviceable  gun|>owder,  un- 
fortunately, are  very  meager.  In  this  country  very  little  experimental 
firing  has  taken  place  within  the  last  fifteen  years,  but  with  what  ex- 
perience we  have  had,  certainly  there  is  no  evidence  to  detract  from  a 
position  of  great  importance. 

We  now  have  in  process  of  construction  three  12-itich  rifles  of  about 
50  tons  weight  each,  one  12-inch  rifle  mortar  about  13  tons  weight,  and 
one  lOiuch  rifle  about  38 tons  weight.  These  guns  are  all  of  differing 
types,  and  the  matiTial  is  mainly  cast  iron.  When  these  guns  are  com- 
pleted, a  g(K)d  opportunity  will  be  had  to  test  the  practical  value  of  the 
improved  powder  to  this  country.  It  may  turn  out,  as  1  believe  it  will, 
that  all  these  guns  will  endure  sufficiently  heavy  charges  to  develop  the 
same  energy  that  is  obtained  from  guns  of  the  same  caliber  in  Euro)K\ 
My  confidence  is  not  without  some  evidence  to  sustain  it.  Some  two  hun- 
dred and  fifty  cast-iron  guns  have  been  converted  into  8-inch  rifles.  All 
have  been  fired  with  proof  charges,  and  many  with  battering  charges. 
None  have  failed,  although  as  completed  they  are  of  lighter  weight 
than  the  8-inch  rifle  of  the  English  service.  The  15-ipch  smooth-tore 
Hodman  gun  has  been  flred  one  hundred  rounds  with  all  the  powder  that 
could  be  burned  in  it  (130  pounds),  giving  a  muzzle  velocity  of  1,700  feet 
per  second — eciuivalent  to  the  penetration  of  ten  (10)  inches  plate-iron 
at  a  distance  of  half  a  mile — and  with  a  pressure  upon  the  bore  much 
less  than  it  would  safely  bear. 

Mr.  Butler.  Have  not  some  of  these  guns  had  steel  tubes  put  in 
them! 

Mr.  Hunt.  Yes,  and  afterwards  coiled  and  iron  tubes  were  adopted, 
but  there  were  difliculties  with  these.    They  bad  a  long  space  to  be 
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welded,  and  some  of  the  guns  have  proved  defective  on  account  of  the 
tubes  showing  ansoundness  of  weld.  There  is  a  difference  of  opinion 
among  ofiicers  whether  or  not  the  coiled  tube  strengthens  the  gun. 
Some  are  quite  positive  that  the  coiled  tube  adds  very  much  to  its 
strength.  My  belief  is  that  it  does  not,  and  the  reason  is  this :  As  we 
all  know,  wrought  iron  will  yield  at  a  strain  of  25,000  pounds  to  the 
square  inch,  whereas  cast  iron  will  endure  more  than  that,  and  my  idea  is 
that  the  tube  is  crowded  back  against  the  cast  iron  when  the  gun  is 
fired,  and  relies  on  the  cast  iron  to  strengthen  it  up.  We  know  that 
cast  iron  is  equal  to  a  strain  of  25,000  x)ounds  to  the  square  inch. 

The  Chairman.  How  many  guns  have  you  converted  f 

Mr.  Hunt.  We  have  converted  more  than  one  hundred. 

The  Chairman,  Did  you  make  guns  of  that  character  just  before 
the  war  f 

Mr.  Hunt.  We  did  not. 

The  Chairman.  Were  these  conversions  made  of  your  own  guns  ex- 
clusively f 

Mr.  Hunt.  No,  sir ;  partly  our  own,  and  partly  others. 

The  Chairman.  Were  they  of  uniform  quality  t 

Mr.  Hunt.  Yes,  sir ;  none  were  accepted  unless  they  would  stand  a 
strain  of  30,000  pounds  to  the  square  inch. 

I  do  not  know  of  any  failure  of  the  cast-iron  guns  we  had  when  the 
war  broke  out.  There  have  been  none  made  since  of  any  account.  I 
do  not  know  of  any  failure  since  we  have  used  modem  powder  and  pro- 
jectiles. I  think  that  proves  a  remarkable  uniformity  of  the  material. 
We  have  made  a  12^  or  12^  inch  rifle,  which  has  a  tube  in  it ;  made  in 
1877, 1  think.  That  is  the  only  cast-iron  gun  fired  since  that  time  which 
is  new.  That  has  been  fired  with  charges  up  to  200  pounds  of  powder 
and  something  like  100  rounds,  and  it  continues  to  be  serviceable.  It  is 
only  about  eighteen  calibers  long.    It  is  a  cast  gun,  with  a  coiled  tube. 

The  Chairman.  Have  you  improved  the  material  so  that  cast  iron 
has  more  strength  than  before  the  war  f    Do  you  make  a  stronger  gun  f 

Mr.  Hunt.  It  is  not  materially  stronger.  We  get  it  up  to  bearing  a 
strain  of  33,000  pounds  to  the  square  inch,  which  is  a  more  safe  strength 
than  if  it  would  stand  40,000.  When  you  get  a  higher  strength  you 
necessarily  get  a  more  brittle  metal.  I  think  33,000  pounds  is  suf&cient. 
It  has  qualities  like  wrought  iron. 

The  Chairman.  Can  you  depend  upon  the  uniformity  of  it  T 

Mr.  Hunt.  I  feel  very  confident  on  that  iK>int.  The  statement  I  have 
made,  that  out  of  250  guns  not  one  failed,  shows  great  uniformity.  A 
great  many  old  guns  have  been  cut  up,  and  generally  we  find  no  defect. 

The  Chairman.  Do  you  not  find  any  with  gas  holes  or  blow  holes,  as 
in  steel  t 

Mr.  Hunt.  Not  at  all.  I  do  not  think  it  is  right  to  call  this  metal  cast 
iron,  because  it  is  quite  different  from  iron  made  in  ordinary  foundries, 
which  has  a  strength  of  only  twelve  or  fifteen  thousand  pounds  to  the 
square  inch.  Such  iron  is  generally  defective  and  shrinks  more  or  less. 
But  it  is  quite  another  thing  when  treated  as  we  treat  it.  We  do  not  use  it 
as  soon  as  it  is  melted.  We  keep  it  in  fusion  for  six  hours.  This  puri- 
fies it  and  takes  out  a  large  proportion  of  the  carbon,  thus  making  it 
more  4ike  wrought  iron.  We  keep  it  in  the  furnace  until  it  approaches 
the  nature  of  malleable  iron,  and  then  draw  it  off  into  a  casting.  In 
this  way  we  increase  the  strength  to  30,000  or  35,000  pounds  to  the 
square  inch,  and  give  it  a  more  ductile  character,  such  that  a  sample 
of  it  in  a  blacksmith's  forge  could  be  drawn  down  like  wyougbt  iron, 
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So  that  I  do  not  think  American  gan  metal  should  be  claatsed  as  cast 
iron. 

The  Chairman.  How  does  the  rifling  of  cast-iron  gnns  stand  the 
firing  f    Do  not  the  edges  wear  away  faster  than  steel  T 

Mr.  Hunt.  Yes;  they  wear  faster  than  steel;  bot  I  have  examined 
the  Parrott  guns  after  long  firing  and  never  foand  the  rifling  worn  away 
seriously. 

The  Chairman.  I  do  not  know  how  that  was,  but  I  do  know  that  a 
great  many  of  them  burst. 

Mr.  Hunt.  They  used  quick- burning  powder  and  very  bad  projectiles, 
and  the  shrinking  of  the  iron  band  or  reinforce  was  probably  too  great 
in  some  cases,  and  too  light  in  others ;  some  in  service  showed  wonder- 
ful endurance. 

I  think  in  the  PaiTott  gun  the  abrupt  line  between  the  wrought-iron 
reinforce  and  the  cast  iron  gun  was  very  great,  more  than  it  should  have 
been.  1  do  not  think  it  is  a  well-proportionea  gun  at  all.  1  think  the 
failure  of  the  Parrott  gun  was  often  owing  to  this  cause ;  but  we  had 
enough,  I  think,  that  did  good  service  to  show  what  cast  iron  would 
do  and  to  show  that  the  rifling  was  durable. 

The  Chairman.  I  think  General  Gil  more  published  some  sketches  of 
the  tests  of  these  guns.  There  was  a  30-pouud  Parrott  put  up  at  Fort 
Gregg  and  fired  4,700  times  with  great  care.  After  each  shot  it  was 
thoroughly  washed  out,  and  then  every  one  would  get  out  of  the  way 
when  it  was  fired. 

Mr.  Hunt.  I  have  seen  Parrott  guns  very  badly  scored  through  the 
rifling ;  but  that  would  occur  in  any  gun. 

Mr.  Miller.  In  my  experience  with  Parrott  guns — and  I  have  had 
considerable — the  ti'ouble  was  that  the  projectiles  were  badly  made.  I 
found  that  out  directly.  They  were  not  all  of  equal  weight  and  were 
not  gauged  at  all. 

Mr.  Hunt.  If  it  is  an  objection  to  the  cast-iron  gun  that  the  rifling 
wears  faster,  it  could  be  remedied  by  having  the  bands  widex  and  not 
cut  so  fine.  That  could  be  compensated  for  by  having  the  heavier 
grooves  not  so  many  and  so  fine. 

The  Chairman.  There  is  another  subject  we  want  to  know  something 
about.  How  large  guns  can  you  makef  The  determination  seems  to 
be  at  the  present  time  to  make  the  larger  guns  of  steel  and  to  build 
them  up.  How  well  can  private  parties  undertake  that  work  and  what 
conveniences  have  they  for  it  f 

Mr.  Hunt.  We  can  make  a  steel  built-up  gun  as  large  as  any  other, 
if  we  have  the  material  to  work  with,  that  is,  steel  forgings.  We  can 
make  a  steel  built-up  gun  as  large  a«  a  cast-iron  gun.  We  now  have 
one-of  cast  iron  on  the  lathe  (which  weighed  100  tons  in  the  rough), 
finished  down  to  a  12- inch  rifle.  Its  finished  weight  will  be  between  50 
and  60  tons.  But  we  have  facilities  for  making  at  6ne  casting  a  cast- 
iron  gun  of  120  tons,  and  we  have  lathes  thUt  will  handle  it.*  We  can 
machine-make  a  steel  gun  as  well  as  an  iron  gun. 

Mr.  Butler.  Where  would  you  get  the  steel! 

Mr.  Hunt.  At  present  it  would  have  to  be  imported.  But  there  is 
no  difiiculty  about  making  it  in  this  country  if  inducements  were  given 
to  make  as  large  forgiugs.  It  is  a  question  whether  the  day  of  steam- 
hammers  has  not  gone  by.  If  there  was  not  so  much  money  invested 
in  steam-hammers  in  Europe,  the  question  would  be  simplified.  In 
France  there  is  such  a  large  investment  in  those  tools  that  they  en- 
courage the  manufacture  of  steel  tbrgings  with  heavy  hammers.! 

•  See  page  4G(>. 

t  IfaniiiR'rs  wore  btiilt  to  meet  the  demand  for  steel  forgings.    (Chairman.) 


ORDNANCE  AND   WAS   SHIPS.  451 

Mr.  BuTLEB.  If  you  received  an  order  from  the  Oovemment  for  fifty 
12-inch  steel  guns,  where  would  you  get  the  material  f 

Mr.  Hunt.  We  would  have  to  import  it  It  could  not  be  made  in 
this  country  to-day.  The  heaviest  forgings  I  think  now  can  be  made  at 
Nashua.  They  have  the  most  effective  hammer  in  the  country.  They 
can  make  a  30,000  pounds'  ingot  and  hammer  it.  Park  Brothers,  of 
Pittsburgh,  have  a  nominally  larger  hammer,  but  I  am  informed  it  has 
not  done  as  good  work  as  the  Nashua  hammer. 

Mr.  BuTLEB.  Do  you  know  if  there  are  any  large  hydraulic  presses 
in  this  country  f 

Mr.  Hunt.  I  think  not;  I  do  not  know  of  any.  In  Sweden  they  have 
made  homogeneous  gnus — cast  the  same  as  we  cast  iron — and  my  belief 
is  that  the  gun  of  the  future  will  be  a  homogeneous  cast  gun.  If  the  cast 
iron  or  the  metal  we  now  use  proves  to  be  anequal  to  the  work  called  for, 
the  improvement  will  be  in  that  direction.  There  is  no  diflQculty  in 
making  a  cast-steel  gun  which  will  stand  60,000  pounds  to  the  square 
inch.  They  do  it  in  Sweden,  and  there  is  no  reason  why  it  cannot  be 
done  here.  It  will  require  considerable  experimenting.  I  do  not  think 
you  can  go  to  work  and  cast  a  steel  gun  in  this  country  now,  and  be 
likely  to  have  it  sound,  but  the  improvement  will  be  in  that  flirectton, 
and  when  we  find  that  such  guns  as  we  are  now  making  in  Boston  are 
not  strong  enough— which  I  do  not  believe  we  shall  find  very  soon — but 
when  we  do,  the  improvement  will  be  in  making  guns  in  a  similar  way 
of  a  stronger  material.   . 

The  Ghaibman.  In  what  form  is  your  steel  imported! 

Mr.  Hunt.  As  a  steel  forging.  Several  years  ago  I  wrote  to  the  Chief 
of  Ordnance  of  the  Navy  that  we  were  prepared  to  make  steel  guns  of 
European  standard  and  European  prices  if  we  could  import  the  steel 
forgings. 

The  Ghaibman.  I  mean  of  what  shape  and  size. 

Mr.  Hunt.  Gun  forgings  would  be  the  tube,  which  would  be  the  full 
length  and  about  half  the  weight  of  the  finished  gun;  then  a  reinfdrce 
sleeve  for  the  breech,  called  a  jacket;  and  several  reinforce  rings,  or 
"frets,''  as  they  are  called;  also  the  trunnion-ring. 

The  Ghaibman.  What  would  you  do,  then,  if  the  tube  was  imported 
made  and  the  jackets  were  imported  made! 

Mr.  Hunt.  We  should  finish  them  up,  assemble  the  parts,  and  com- 
plete the  gun. 

The  Ghaibman.  Then,  it  would  be  practically  built  abroad  t 

Mr.  Hunt.  Yes ;  the  material  would  be  made  and  forged  abroad ; 
but  if  we  had  large  enough  orders 

Mr.  BuTLEB.  Pardon  me.  Assuming  that  the  Government  would 
give  an  order  for  a  hundred  12inch  guns,  and  that  we  had  the  plant  to 
get  the  heaviest  forgings — as  heavy  as  any  in  the  world — ^is  there  mate- 
rial in  this  country  out  of  which  the  best  gun  steel  can  be  madef 

Mr.  Hunt.  Gertainly. 

Mr.  BuTLEB.  You  have  no  doubt  about  thatt 

Mr.  Hunt.  No  doubt  of  it>at  all. 

Mr.  BuTLEB.  .You  think  we  could  get  the  ore  to  make  the  best  steel 
in  this  country  t 

Mr.  Hunt.  No  one  would  dispute  that. 

Mr.  BuTLEB.  If  that  be  true,  why  is  it  that  the  steel  makers  import 
ores  from  Algiers  and  Spain  t 

Mr.  Hunt.  Simply  because  we  can  get  it  on  the  coast  cheaper  than 
we  can  bring  it  from  Lake  Superior.  You  have  in  North  Garolina  as 
fine  ore  as  any  in  the  world. 
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Mr.  BuTLEB.  As  fine  as  Spanish  T 

Mr.  Hunt.  Yes.  On  the  New  Biver,  in  Virginia,  there  is  an  ore  called 
red  hematite;  or  New  Biver  ore,  which  is  aknost  entirely  free  ficx>m  phos- 
phoras.  We  have  a  duplicate  of  the  famons  Dannemora  ores  of  Sweden 
in  New  Hampshire,  called  Old  Franoonia  ore,  which  has  been  worked 
for  more  than  a  hundred  years. 

The  Ghaibman.  What  is  the  character  of  the  Salisbury  ore,  Litchfield 
County,  Connecticut  t 

Mr.  Hunt.  It  is  very  superior.  It  is  called  brown  hematite,  and  is 
used  for  making  iron  car  wheels.    It  is  not  used  for  making  steeL 

The  Chaibman.  They  made  guns  there  during  the  revolution. 

Mr.  Hunt.  We  use  it  now  entirely  for  our  iron  guns. 

Mr.  Butleb.  You  think,  men,  that  in  case  of  an  emergency  the  Gov- 
ernment could  put  its  hand  on  the  best  ore  in  the  world  right  here  T 

Mr.  Hunt.  There  is  no  question  about  it. 

Mr.  MiLLEB.  There  is  plenty  of  good  ore  on  the  Pacific  coast. 

The  Chaibman.  Is  there  not  some  in  Alabama? 

Mr.  HxTNT.  Alabama  has  a  great  abundance  of  rich  hematite  ore«  I 
do  not  know  about  its  properties  for  making  steel,  but  I  know  that  in 
Virginia,  West  Virginia,  and  North  Carolina  there  is  an  abundance  of 
ore  suitable  for  producing  steel. 

The  Chaibman.  We  would  like  to  have  your  opinion  concerning  this 
question :  Would  it  be  wise  for  the  Government  to  contract  with  private 
parties  with  the  understanding  that  they  were  to  put  up  the  most  im- 
proved plant,  and  have  the  whole  work  done  by  them,  or  would  it  be  wise 
for  the  Government  to  get  these  parts,  such  as  you  speak  of,  imported 
and  have  a  great  plant  of  its  own  T 

Mr.  Hunt.  It  is  my  opinion  that  it  would  be  wise  for  the  Govern- 
ment to  rely  upon  private  parties  for  its  ordnance  supplies,  as  it  has 
done  from  the  commencement  of  the  Government  down  to  the  present 
time. 

Investigation  of  the  facts  will  show  that  this  course  has  worked  well 
in  the  past.  The  Government  has  been  able  to  obtain  all  the  material 
of  this  kind  that  was  required,  and  at  reasonable  prices.  At  the  same 
time  progress  in  the  improvement  of  ordnance  continued  regularly  until 
at  the  time  of  the  breaking  out  of  the  war  (1861)  American  guns  were 
heavier  and  of  sux>erior  design  to  those  of  European  nations.  Since  tiie 
war  no  encouragement  has  been  given  to  induce  the  same  parties  or 
others  to  keep  pace  with  other  nations  in  the  improvement  of  ordnance, 
and  to  this  fact  alone  should  our  present  inferior  standing  be  charge- 
able. 

On  the  other  hand,  it  is  my  opinion  that  a  Government  establishment 
for  the  manufacture  of  ordnance  would  practically  prove  exi>ensive  and 
inefficient.  European  experience  shows  this.  Disinterested  and  formal 
official  management  of  such  an  establishment  would  be  much  less  likely 
to  develop  progressive  ideas  than  the  watchfulness  of  private  interest 
and  ambition. 

Another  important  reason  why  it  would  be  for  the  public  interest  to 
develope  a  private  rather  than  a  Government  establishment  is  the  de- 
sirability of  sharing  with  Germany  and  England  the  patronage  from 
other  nations  who  purchase  their  supplies  of  ordnance.  Of  course  this 
could  not  be  obtained  without  a  first-class  private  establishment. 

It  is  likely  that  the  benefit  to  Germany  from  the  foreign  work  turned  out 
at  the  Krupp  establishment  would  much  more  than  compensate  for  the 
expense  to  the  German  Government  in  .issisting  to  build  up  these  exten- 
sive works. 
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The  Ohairman.  The  costly  part  of  it  is  the  preparing  of  these  parts. 
It  would  require  an  expensive  plant,  heavy  hammers,  &c. 

Mr.  Hunt.  The  difiScnlty  is  to  get  steel  forgings  if  you  want  steel  guns 
Ton  must  show  some  steel  manufacturers  here  that  they  will  get  busi- 
ness  enough  to  warrant  them  in  going  into  that  business. 

The  Ohairman.  Have  yon  ever  calculated  the  cost  of  a  plant  to  make 
these  forgings  for  steel  guns  f 

Mr.  Hunt.  Do  you  mean  by  the  Whitworth  process  t 

The  Chairman.  Yes. 

Mr.  Hunt.  I  have  not.  I  do  not  know  anything  more  than  what  I 
get  by  reports  from  others.  In  fact,  no  one  but  Whitworth  has  under- 
taken it.  I  think  Firth  &  Sons  are  now  makiog  arrangements  to  put 
in  the  Whitworth  system  of  forging,  and  no  doubt  others  in  England 
will  do  it.* 

Mr.  Miller.  That  is  fluid  compressed  steel  T 

Mr.  Hunt.  ^o.  I  have  doubts  whether  that  is  found  to  be  desirable ; 
but  they  use  compression  in  the  soft  state.  After  it  changes  into  a  pasty 
condition  it  is  then  compressed  by  hydraulic  pressure.  How  expensive 
that  would  be,  how  practical  it  would  be,  and  how  near  it  would  come 
to  heavy  forgings  as  made  under  hammers,  I  am  not  prepared  to  say. 

Mr.  Miller.  Have  you  calculated  the  cost  of  a  plant  necessary  to 
make  these  forgings  by  hammers  T 

Mr.  Hunt.  It  is  a  very  expensive  business  to  make  forgings  by  ham- 
mers when  you  undertake  these  large  guns,  such  as  the  forging  for  a 
hundred-ton  gun.  In  order  to  get  a  thorough  forging  or  hammering  of 
it  you  must  have  such  hammers  as  they  use  in  France,  costing  nearly  a 
million  dollars. 

*  Those  hammers  are  very  expensive,  and  I  have  understood  that  no 
Whitworth  press  has  been  made  of  a  capacity  equal  to  the  hammers  re- 
ferred to.  I  do  not  think  he  has  facilities  for  making  large  guns  like 
that.    I  do  not  know  whether  that  process  can  be  applied  to  large  guns. 

Mr.  Miller.  But  it  is  much  better  if  it  can  bef 

Mr.  Hunt.  No  doubt.  There  is  bo  difficulty  in  finding  machinery 
facilities  in  this  country.  The  most  exx>ensive  portion  of  the  outfit  wiU 
be  the  heavy  lathes  required. 

Mr.  Butler.  If  you  got  an  order  from  the  Government  for  one  hun- 
dred 12-inch  guns  of  steel,  how  long  would  it  be  before  you  could  de- 
liver themf 

Mr.  Hunt.  I  could  not  make  a  definite  estimate.  It  would  depend 
upon  how  long  we  should  be  held  back  to  get  the  forgings.  I  suppose^ 
we  could,  wit£  present  facilities,  two  lathes,  make  seven  or  eight  in  a 
year.  ' 

Mr.  Butler.  It  would  take  several  years  to  deliver  them  all  t 

Mr.  Hunt.  Yes^  but  we  could  duplicate  those  lathes  and  produce 
them  as  rapidly  as  desired  if  we  could  get  the  forgings. « 

The  Ohairman.  How  long  would  it  take  to  finish  a  lathe? 

Mr.  Hunt.  Not  less  than  a  year. 

Mr.  Butler.  Can  you  form  any  idea  of  how  long  it  would  require 
the  diflferent  foundries  of  this  country  to  prepare  the  forgings  for  those 
one  hundred  12-inch  guns,  admitting  we  can  make  them  in  this  country  f 

Mr.  Hunt.  I  do  not  think  you  could  get  the  first  forging  in  a  year. 
It  would  require  more  than  a  year  to  make  the  hammer. 

Mr.  Butler.  Suppose  you  used  the  hydraulic  press. 

Mr.  Hunt.  1  cannot  say,  T  do  not  think  a  hydraulic  press  on  so 
large  a  scale  has  ever  been  made. 

Mr.  Miller.  How  large  a  gun  has  Whitworth  ever  made  t 

*  See  p.age  15. 
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Mb.  Jaques.  He  bas  cast,  and  forged  with  his  largest  hydraulic 
forging-press,  the  parts  for  the  largest  guDS  that  have  ever  been  bailt— 
the  Armstrong  100-ton  guns.*  The  capacity  of  that  press  is  eqnal  to 
the  forging  capacity  of  the  Greasot  hammer. 

Mr.  Hunt.  I  was  not  aware  of  that.    It  is  new  to  me. 

Mr.  Miller.  Yon  have  a  theory  that  there  can  be  a  gun  made  of 
steel,  cast  the  same  as  you  oast  iron,  a  gun  that  will  have  a  strength 
eqnal  to  these  forged  guns  T 

Mr.  Huif  T.  I  do  not  say  that,  bnt  a  strength  capable  of  bearing  a 
strain  of  sixty  to  eighty  thousand  pounds  to  the  square  inch,  which  will 
be  abundant  strength  for  the  use  to  which  they  would  be  put. 

Mr.  Miller.  How  large  castings  have  you  made  T 

Mr.  Hunt.  Heavy  steel  rolls  have  been  made  in  this  country  perhaps 
two  feet  and  a  half  in  diameter  and  eight  feet  long. 

Mr.  Miller.  Perfectly  sound  idl  the  way  through  f 

Mr.  Hunt.  Yes ;  I  saw  at  the  Norway  works  a  casting  which  they 
guaranteed  sound.  I  only  express  my  opinion  that  the  gun  of  the  future 
will  be  a  homogeneous  cast  gun.  instead  of  a  built-up  gun.  These  guns 
we  are  making  will  be  fired,  and  I  am  satisfied  to  abide  the  result 

Mr.  MiLLEB.  How  long  are  theyf 

Mr.  Hunt.  Twenty -eight  or  twenty -nine  calibers. 

Mr.  Miller.  How  long  are  the  converted  guns  T 

Mr.  Hunt.  Very  short.  The  eight-inch  rifles  are  not  more  than  half 
as  long  as  they  ought  to  be. 

Mr.  Miller.  What  kind  of  heat  do  you  use  for  your  furnaces  t 

Mr.  Hunt.  We  use  bituminous  coal  for  making  guns. 

Mr.  Miller.  Nothing  else. 

Mr.  Hunt.  We  have  lately  used  i)etroleum,  but  not  on  guBS. 

Mr.  Butler.  How  do  you  like  the  vapor  fuel!  Has  the  result  of 
your  experiments  been  satisfactory? 

Mr.  Hunt.  Very  satisflactory,  indeed,  for  our  work.  My  object  in 
starting  it  was  to  avoid  the  difficulty  we  have  in  running  our  furnaces 
and  keeping  them  heated.  It  is  a  good  deal  of  a  problem  to  have  them 
all  alike,  and  with  coal  fire  3'ou  cannot  regulate  the  heat  as  with  vapor 
fuel.  With  vapor  you  can  easily  increase  the  heat  or  reduce  it.  That 
was  my  principal  object.  Another  object  of  a  good  deal  of  importance 
is  that  I  believe  in  vapor  fuel  we  get  rid  of  the  sulphur,  which  we  find 
in  coal,  and  which  injures  iron.  ^ 

Mr.  Butler.  You  consider  it  a  purer  heatf 

Mr.  Hunt.  Yes ;  it  is  the  same  as  using  charcoal  instead  of  mineral 
coal. 

Mr.  Butler.  Can  you  get  as  high  a  temperature  as  with  coalf 

Mr.  Hunt.  Higher. 

Mr.  Butler.  Which  is  the  more  expensive  t 

Mr.  Hunt.  In  our  market  it  is  more  economical  to  use  coal  in  the 
ftimaces  we  have  than  vapor  ftiel }  but  I  am  ready  to  believe  that  vapor 
will  be  found  to  be  cheaper  in  suitable  furnaces.  Oil  in  our  market 
is  higher  than  it  ought  to  be  compared  with  other  markets.  It  is  con- 
trolled by  the  Standard  Oil  Oompany. 

Mr.  Butler.  Oan  you  use  the  same  ftimace  for  it1 

Mr.  Hunt.  I  had  to  alter  it,  but  did  not  make  any  material  altera- 
tion. If  I  were  to  make  a  new  furnace  I  should  make  it  different  for 
vapor  fuel  than  for  coal,  and  I  think  with  proper  furnaces  vapor  fuel 
will  be  found  to  be  economical. 

The  Chairman.  Have  not  these  gentlemen  who  are  availing  them- 
selves so  largely  now  of  natural  gas  an  advantage  over  everybody  else  f 


*  Wliitworth  ha»  supplied  all  the  tubes  and  a  minority  of  tho  jackets  and  hoops  to 
Ariimtrong  &  Co.  for  the  tahricatioa  of  the  110-ton  ffons.  Soe  page  93.  (W.  ll.  J.. 
AiigiiBt  2,  16cr>. ) 
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Mr.  Hunt.  They  have,  undoubtedly.  If  we  had  natural  gas  we 
should  be  glad  to  use  it.    It  is  great  economy. 

The  Ghaibman.  I  have  no  doubt  that  even  if  bituminous  coal  is 
used,  it  will  be  used  in  the  shape  of  gas  in  the  ftiture. 

Mr.  BtJTLEB.  Then  it  would  not  have  that  objection  in  the  shape  of 
sulphur. 

Mr.  Hunt.  I  think  it  would  have.  I  am  not  enough  of  a  chemist, 
however,  to  know  if  this  sulphur  would  be  retained  in  coal  gas. 

The  Ghaibman.  How  about  natural  gas  T 

Captain  Shaleb.  Hussey,  Howe  &  Co.,  of  Pittsburgh,  think  it  is 
perfectly  pure,  and  contains  no  sulphur.  They  think  it  comes  from 
petroleum. 

Mr.  Hunt.  It  is  an  important  question,  the  supply  of  petroleum.  It 
may  become  even  more  abundant  than  now,  or  it  may  give  out  in  lo- 
calities and  have  to  be  brought  from  a  distance. 

The  Ghaibman.  What  is  the  price  of  petroleum,  per  barrel! 

Mr.  HiTNT.  Three  dollars  a  barrel  in  Boston. 

Mr.  MiLLEB.  Eighty  cents  a  barrel  at  the  works. 

Mr.  Hunt.  Gas  is  better  in  a  great  many  ways.  I  know  an  estab- 
lishment that  uses  it  in  making  horseshoe  nails — the  Putnam  Nail  Com- 
pany, of  Boston — and  they  now  make  Ketter  nails  than  they  ever  made 
before.    They  have  a  secret  process. 

We  And  that  with  a  heat  of  600  degrees  we  can  get  a  perfect  vapor — 
no  smoke  at  all.  At  first  we  thought  it  would  require  a  much  higher 
temperature,  and  have  run  it  as  high  as  1,200  degrees.  But  that  is  not 
necessary.  With  600  degrees  it  is  converted  into  vapor.  At  600  it  will 
drip  a  little. 

The  Ghaibman.  Then  the  summary  of  your  opinion  is,  that  the  bet- 
ter way  for  the  Government  is  to  contract  for  the  finished  gun  with 
private  parties? 

Mr.  Hunt.  I  think  so  loDg  as  the  Government  has  relied  entirely  upon 
private  parties  for  its  ordnance  up  to  the  war,  and  it  certainly  had  very 
superior  ordnance  at  that  time,  I  do  not  think  there  is  any  need  of 
changing  the  method  of  obtaining  their  supplies.  The  only  reason  they 
have  not  as  good  gans  as  Germany  is  because  they  stopped  the  supply. 
The  advance  would  have  continued  here  if  appropriations  had  continued 
regularly. 

The  Ghaibman.  Yes ;  we  have  not  guns  because  we  have  not  used 
them. 

Mr.  Hunt.  That  is  it.  I  proposed  some  years  ago  to  furnish  steel 
guns  at  European  prices ;  but  I  had  no  orders.  At  first  we  should  have 
imported  steel,  but  afterwards  we  would  have  made  arrangements  to 
make  it  here.  If  this  Government  l)ad  continued  its  appropriations 
since  the  war  as  before  we  should  have  had  establishments  in  this  coun- 
try equal  to  those  of  Germany.  Krupp's  establishment  has  grown  up 
since  my  connection  with  the  South  Boston  Iron  Works  from  25  men 
to  20,000.  The  advantage  to  Germany  has  been  more  than  ten  times 
the  cost. 

Mr.  MiLLEB.  It  seems  that  EIrupp's  establishment  has  built  150  heavy 
guns  for  China. 

Mr.  Hunt.  They  have  had  an  immense  amount  of  business  for  foreign 
Governments. 

1  want  to  emphasize  one  point,  and  that  is,  that  I  do  not  want  it  under- 
stood that  there  is  no  establishment  in  this  country  that  can  make  steel 
gnnsj  because  we  can.  All  we  want  is  an  order  for  them.  As  a  mat- 
ter of  fact,  we  are  now  at  work  on  eight  steel  pms,  under  contract  with 
the  Navy  Department,  for  the  armaments  of  the  new  cruisers. 


LBTTEB  PBOM  THE  WEST  POIHT  FOUSBBT. 

Gold  Spbiko,  K  Y.,  August  1, 1884. 

Gentlbieen:  We  beg  leave  to  acknowledge  the  receipt  of  printed 
circular,  dated  July  16th,  which  came  to  hand  yesterday. 

We  are  not  mannfactorers  of  steel,  and  yon  will  no  donbt  receive 
more  accurate  information  than  we  could  give  from  parties  now  engaged 
in  the  business. 

In  reply  therefore  to  this  part  of  your  circular,  we  would  merely  state 
that  we  believe  the  Whitworth  system  of  compressing  liquid  steel  in 
the  mold,  and  using  hydraulic  forging  presses,  instead  of  hammers,  to 
be  the  best  method  of  producing  steel  for  ordnance  purposes. 

We  could  manufacture  the  presses  and  other  work  required  for  such 
a  plant  if  we  could  procure  the  necessary  drawings  and  specifications. 

The  part  of  the  business  which  we  are  desirous  of  obtaining  would  be 
the  manufacture  of  cannon  from  steel  ingots,  fdmished  by  other  x>art]eB 
and  delivered  to  us  for  the  purpose. 

Our  establishment  in  its  present  state  is  capable  of  finishing  a  small 
number  of  steel  breech-losMling  guns  in  a  year,  but  is  entirely  inade- 
quate to  the  wants  of  the  Government. 

In  case  we  were  called  upon  to  furnish  guns  in  large  numbers  and 
with  any  degree  of  rapidi^,  we  would  propose  to  put  up  an  entirely 
new  plant  on  our  properly,  independent  of  the  old  one. 

The  cost  of  such  a  plant,  capaple  of  making  100  to  120  guns  per  yesu*, 
ranging  from  100  tons  to  6  inches  caliber,  we  have  estimated  approxi- 
mately at  $800,000. 

We  do  not  think  it  would  be  i>ossible,  however,  to  procure  the  capital, 
particularly  in  view  of  the  uncertainty  of  the  annual  appropriation  for 
ordnance. 

If  it  is  desired,  therefore,  to  build  it  without  delay,  it  seems  neces- 
sary to  us  that  the  Government  should  advance  the  necessary  funds  to 
the  manufacturer,  under  such  conditions  as  would  protect  the  interests 
of  the  United  States,  and  with  a  proviso  for  the  ultimate  repayment  of 
the  money. 

If  liberal  contracts  were  given,  the  manufacturer  might  graduaUj 
build  up  a  suitable  establishment,  but  this  would  take  many  years  to 
accomplish,  and  we  do  not  think  capitalists  could  be  induced  to  invest 
money  in  a  project  subject  to  so  much  uncertainty  as  regards  the  amount 
and  character  of  the  business  to  be  received  from  the  Government.  As 
regards  location,  we  think  our  establishment,  which  is  situated  on  the 
Hudson  Elver,  64  miles  from  New  York,  opposite  West  Point,  is  equal 
to  any  in  the  country.  We  have  water  communication  to  New  York, 
and  also  railroad  communication  with  all  parts  of  the  country. 

Referring  to  the  estimate  of  cost  of  gun-factory  plant,  given  in  your 
circular,  we  would  say^  in  the  absence  of  drawings  and  specifications  of 
the  machinery,  that  it  is  not  possible  for  us  to  make  an  estimate  to  com- 
pare with  that  given  by  the  Gun  Foundry  Board. 

In  conclusion,  we  would  say  that  we  will  appear  before  your  committee 
at  any  time  you  may  appoint,  and  it  would  give  us  much  pleasure  if 
your  committee  would  visit  our  establishment. 
456 
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We  may  mention  that  we  are  now  fabricating  an  8-inch  steel  breech- 
loading  gun  of  12  tons  for  the  War  Department,  fh>m  material  famished 
as. 

The  Navy  Department  has  also  accepted  oar  proposition  to  constract 
from  famished  materials  five  6-inch  and  two  8-inch  steel  gans  for  the 
new  vessels  of  war  now  bailding. 

Very  respectfally,  yoar  obedient  servants, 

West  Point  Foundry  Association, 
By  G.  PAULDING, 
Fresident. 
To  the  Select  Committee^  Ac. 


STATEMEHT  OF  GEHEBAL  E.  S.  BIFLET. 

New  York  Hotel,  September  8, 1884. 

To  the  Select  Committee  of  the  United  States  Senate 

on  Ordnance  and  War  Ships: 

Gentlemen  :  I  have  receiveyd  a  copy  of  the  circular  signed  by  yoar- 
self,  dated  Jaly  16, 1884.  Besides  asking  for  information  on  the  esti- 
mates of  the  cost  of  establishing  ordnance  work,  it  also  asks  for  any- 
thing relating  to  the  subject  which  may  be  of  use  to  the  committee. 

My  connection  with  and  knowledge  of  artillery  is  such  that  sugges- 
tions on  general  matters  will  probably  be  of  more  interest  than  details 
on  estimates.    These  last  must  be  sought  for  from  steel  masters  and  men 

{>ractically  engaged  in  the  business,  and  appear  to  have  been  well  col- 
ected  and  presented  in  the  report  of  the  Gun  Foundry  Board  of  Feb- 
ruary 16, 1884. 

Since  the  war  of  secession  the  United  States  have  neglected  the  ma^ 
ter  to  a  degree,  until  at  this  time  they  are  completely  deficient  in  this 
element  of  defense,  although  it  cannot  be  said  that  any  power  is  fully 
prepared.  Op  to  the  period  of  the  definite  introduction  of  rifled  cannon 
it  was  the  admitted  fact  that  the  material  for  heavy  ordnance  used  in 
the  United  States  was  the  best  in  the  world,  namely,  cold- blast  charcoal 
iron  made  from  the  best  selected  American  ores.  This  metal  stood  se- 
verer pressure  and  gave  greater  life  to  the  gun  than  the  heavy  gun 
metal  of  any  other  nation.  With  the  introduction  of  the  many  improve- 
ments in  iron  and  steel  metallurgy  and  the  adoption  of  rifled  ordnance 
nuiny  ])owers  believed  that  they  must  use  a  material  for  guns  of  greater 
strength  than  cast  iron.  They  were  not  long  in  setting  about  it,  and 
commenced  building  expensive  rifled  ordnance  on  a  large  scale.  Herr 
Krupp  in  Germany,  and  Sir  William  Armstrong  and  others  in  England, 
soon  developed  systems  of  ordnance,  pressed  them  upon  their  respect- 
ive Governments,  and  speedily  introduced  them  throughout  the  world. 
The  French  followed,  and  their  works  very  soon  turned  out  guns  of  as 
great  capacity  and  strength,  while  the  smaller  powers  bought  their 
weapons  from  the  great  foctories  of  the  larger  states.  The  fortifica- 
tions of  the  world  have  been  filled  up  with  British  and  German  guns, 
with  the  result  which  we  have  lately  seen. 

There  are  a  few  things  remarkable  in  this  progress  of  ordnance  dur- 
ing all  these  years.  The  contractors,  seemingly  intent  on  enlarging 
their  contracts,  pushed  as  rapidly  as  they  could  get  material  to  stand 
the  radial  tension  of  large  calibers,  went  in  for  enlarging  the  caliber  of 
the  gnn.  At  the  same  time  the  iron  and  steel  plate  manufacturers  were 
not  idle,  and  amongst  the  lot  there  has  been  established  in  the  greater 
countries  about  as  efQcacious  a  system  of  protection.  The  British  ord- 
nance authorities  a  few  years  since  made  a  so-called  Woolwich  infant 
of  35  tons  weight,  and  Herr  Krupp  immediately  set  out  to  beat  it.  Tbe 
iron-platers  were  not  behindhand,  and  so,  alter  a  series  of  costly  exper- 
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iments,  they  went  further,  and  an  80-ton  gun  was  manufactured  at  Wool- 
wich. Herr  Krupp  followed,  and  Sir  William  Armstrong  built  several 
100- ton  guns  for  the  Italians.  All  these  guns  stand  radial  tension  very 
well.  Where  they  fail  is  in  longitudinal  tension,  which  ought  to  be  less 
dangerous.  Attention  has  not  been  given  to  what  is  really  the  essen- 
tial element  of  the  problem,  namely,  increasing  to  its  maximum  the 
velocity  of  the  projectile  with  a  minimum  strain  upon  the  piece.  In  the 
United  Slates  the  subject  has  attracted  some  consideration.  Endeavors 
were  made  to  obtain  high  velocity  through  the  Haskell  multicharge 
gun.  However  the  theory  of  this  gun  may  have  been  correct,  the  at- 
tempt has  not  succeeded  in  practice,  owing  to  various  reasons,  princi- 
pally mechanical.  Besides,  even  if  the  velocity  were  obtained,  guns  of 
this  system  would  be  impracticable  for  service.  No  artilleryman  would 
want  to  load  four  or  five  times  for  one  shot. 

In  Europe  very  successful  results  have  been  obtained  with  another 
system.  A  forged  steel  tube  of  5  inches  caliber  was  constructed  at 
Terre  Noire,  near  St.  Etienne,  and  various  experiments  were  made 
therewith  during  the  summer  of  1883.  From  them  certain  results  were 
deduced,  of  which  the  first  and  most  important  is,  that  it  is  perfectly 
practicable  to  fire  any  desired  amount  of  powder  behind  a  projectile 
without  undue  strain  to  the  gun,  and  safely  to  obtain  the  maximum 
practical  velocity  which  a  projectile  can  derive  from  gunpowder.  This 
was  effected  by  a  novel  method  of  firing  the  powder  in  a  ^ed  cartridge, 
the  gxin  being  provided  with  a  very  long  powder  chamber.  Closely  ap- 
proximative resulta  of  the  relation  of  increased  velocity  to  the  increase 
of  charge  and  pressure  on  the  breech  of  the  piece  and  base  of  the  pro- 
jectile were  observed.  With  a  charge  equal  to  the  weight  of  projectile 
a  velocity  of  757  meters,  equal  to  2,480  feet  per  second,  was  gained, 
while  the  pressure  on  the  base  of  the  cartridge  was  not  excessive.  It  is 
probable  that  by  using  other  powders  and  with  some  modification  of  the 
system,  this  velocity  may  be  somewhat  increased,  but  the  indications 
are  that  in  practice  for  high  velocities  the  practical  maximum  charge 
will  be  about  the  weight  of  the  projectile.  Eecurring  to  the  subject  of 
providing  appliances  for  the  construction  of  ordnance,  I  venture  to 
mal^e  a  few  suggestions  as  they  seem  to  be  permitted  by  the  terms  of  the 
circular.  As  to  establish  a  plant  for  ordnance  works  is  a  work  of  time, 
it  would  be  impossible  to  determine  an  absolutely  accurate  estimate  of 
costs  for  various  reasons.  The  subject  of  artillery,  a«  before  said,  is 
progressive,  ^d  no  model  has  been  accepted  for  the  Army  service  gun 
of  different  calibers.  While,  therefore,  it  seems  the  part  of  good  policy 
to  go  on  and  establish  the  material  part  of  the  plant  for  a  Government 
ordnance  factory,  without  delay,  the  greater  portion  being  necessary 
and  available  whatever  the  model,  it  appears  that  the  experiments  to 
enable  the  model  for  the  service  gun  of  the  immediate  future  to  be  de- 
termined should  be  pushed  with  all  possible  rapidity,  so  that  the  manu- 
facture of  such  guns  may  be  vigorously  commenced  as  soon  as  may  be, 
either  in  private  or  Government  establishments.  This  could  be  done 
by  providing  immediately  two  or  more  guns  of  large  caliber,  say  8  or  9 
inches,  provided  with  lengthened  powder  chambers  as  well  as  very  long 
chases.  As  the  guns  would  be  purely  for  experimental  purposes,  they 
should  be  made  of  weight  sufficient  to  insure  strength  of  whatever  ma- 
terial (preferably  of  steel)  they  would  be  made,  and  length  enough  for 
all  necessary  experiments.  The  length  of  the  chase  may  vary  in  the 
different  guns,  and  superfluity  may  be  cut  away  when  it  is  determined. 
The  guns  should  be  provided  with  a  multiplicity  of  crusher  gauges  to 
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measure  the  longitadinal  and  radial  pressures  throaghoat  the  length 
of  the  gans,  at  the  breech,  at  the  base  of  the  projectile,  and  at  close  in- 
tervals along  the  walls  of  the  chamber,  and  in  front  of  the  seat  of  the 
projectile.  The  object  of  this  very  valuable  experiment  is  to  determine 
the  maximnm  velocity  attainable  with  the  minim  am  strain  upon  the  gun. 
I  have  briefly  indicated  a  few  views  which,  as  an  old  artillerist,  have 
occurred  to  me  in  connection  with  the  subject.  Should  it  be  desired,  I 
can  furnish  them  in  a  more  extended  form  with  details. 
I  am,  very  respectfully,  your  obedient  servant, 

E.  S.  RIPLEY. 


STATEMENT  OF  MB.  A.  H.  EMEST. 

New  York,  Augvat  8, 1884. 

The  Chairman.  Please  state  yoar  name  and  residence. 

Mr.  Emery.  A.  H.  Emery,  of  Stamford,  Conn. 

The  Chairman.  If  there  is  no  objection,  Mr.  Emery  will  proceed  with 
his  statements,  making  them  as  clear,  concise,  and  compact  as  he  can. 

Mr.  Emery.  There  are  some  poiuts  I  want  to  make  first  in  regard  to 
the  difficulty  we  manafacturers  labor  nnder  in  dealing  with  our  Gov- 
ernment, especially  in  the  matter  of  ordnance,  where  the  Government 
is  the  only  consumer  in  the  country,  and  we  have  to  sell  to  it  or  nobody, 
as  no  one  wants  to  make  a  plant  dependent  solely  on  foreign  customers, 
when  our  tariff  averages,  as  it  does  on  gun  and  similar  material,  about 
40  per  cent 

The  natural  desire  of  the  ordnance  officer  to  introduce  and  use  his 
own  ideas  and  inventions  may  exclude  from  trial  and  use  the  inven- 
tions of  the  civilian  inventor  and  manufacturer;  and  the  jealousies 
existing  between  the  officers  themselves  may  often  prevent  the  Depart- 
ments from  making  use  of  even  the  best  inventions  which  are  provided 
by  their  own  officers. 

Mr.  Eanball.  What  advantage  would  the  Government  officer  get 
from  the  use  of  his  invention  t 

Mr.  Emery.  If  it  is  used  successfully,  he  has  the  pleasure  and  credit 
of  such  success.  If  at  the  same  time  his  invention  is  patented,  as  was 
the  case  with  the  Bodman  system  of  cast  ordnance,  he  then  has  the 
profit  resulting  to  him  from  the  use  of  his  patent. 

Mr.  Randall.  How  did  Eodman  use  his  invention  I 

Mr.  Emery.  He  sold  it  to  Charles  Knap,  the  owner  of  the  Port  Pitt 
Foundry,  who  himself  manufactured  heavy  ordnance  under  this  patent, 
and  who  also  sold  rights  to  the  West  Point  and  South  Boston  foundries 
to  manufacture  under  this  patent.  These  manufactures  paid  a  royalty, 
which  was  divided  between  Mr.  Knap  and  General  Bodman.  But, 
fortunately  in  this  case,  the  Government  got  the  benefit  of  the  use  of  a 
good  invention.  All  of  our  10  and  15  inch  columbiads  were  made  under 
this  patent. 

Mr.  Butler.  I  did  not  exactly  catch  the  point  of  your  remarks  illus- 
trating the  difficulties  which  inventors  and  civilians  have  in  dealing 
with  the  Government.    In  what  respect  does  this  illustrate  that! 

Mr.  Emjjry.  During  the  war  I  had  to  go  to  the  Chief  of  Ordnance  of 
the  Navy,  and  he  had  authority  to  use  my  inventions  or  his  own,  as  he 
preferred.  This  difficulty  pertains  especially  to  ordnance  and  projectiles 
which  no  one  here  but  the  Government  buys. 

Mr.  HiSGOOK.  You  mean  that  they  have  their  own  inventions,  and 
want  no  others  t 

Mr.  Emery.  Yes,  sir.  #  •  #  ♦  ♦ 

In  order  to  determine  the  kind  of  tools  requisite  to  the  production  of 
the  best  guns,  we  may  consider  briefly  the  difficulties  of  making  the 
different  classes  of  guns  that  are  to-day  used  in  the  world. 

This  [exhibiting  a  drawing  to  the  committee]  is  a  drawing  of  an  Eng- 
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lish  12-mch  rifle.    This  inner  portion  is  the  steel  tube,  or  main  barrel 
of  the  gnn,  surrounded  by  these  wroagh^irou  bands. 

Until  comparatively  recently  this  barrel  was  made  of  coiled  wrought 
iron  welded  into  a  tube,  as  the  bands  now  are ;  but  the  English  officers 
have  now  fully  concluded  that  these  bands  of  wrought  iron  should  be 
replaced  by  steel  in  some  form. 

Let  me  remark  that  steel  cast  and  not  reworked  may  have  properties 
which  are  very  much  better  than  cast  iron,  but  that  every  bit  of  work- 
ing by  the  hammer  or  press  increases  its  strength  and  ductility.  We 
may  forge  a  bar  from  a  20-inch  ingot  down  to  a  154nch,  and  we  will 
have  a  certain  quality  of  metal  on  the  outside,  and  a  much  poorer  quality 
on  the  interior.  It  may  be  worked  down  almost  indefinitely,  each  time 
strengthening  the  whole  bar,  but  it  is  still  better  on  the  outside  than  on 
the  inside. 

Mr.  Randall.  I^  that  the  reason  why  smaller  guns  can  be  made  more 
secure  from  bursting  t 

Mr.  Emery.  Yes,  sir. 

Mr.  HiSGOCK.  The  ingots  can  be  forged  down  to  a  fine  wire  t 

Mr.  Emebt.  Yes.  The  Gambria  Iron  Company,  at  Johnstown,  Pa., 
is  to  day  reducing  an  ingot  of  5,000  pounds  weight  and  18  inches  square, 
by  continued  operations  through  rolls  and  drawing,  until  it  reaches  the 
section  of,  and  becomes  a,  fine  wire. 

•  •«•••• 

I  consider  the  open-hearth  furnaces  at  Johnstown  eminently  adapted 
for  this  study  and  prosecution  of  the  working  of  steel  with  the  hope  of 
getting  more  uniform  and  better  grades.  The  rotation  of  these  furnaces 
enables  them  to  .wash  out,  as  it  were,  with  proper  fluxes  many  of  the 
impurities  of  the  metal,  and  add  such  quantity  of  carbon,  manganese, 
or  other  material  as  may  be  desired. 

Mr.  MoBOAN.  In  washing  metal,  is  it  also  melted  f 

Mr.  Emery.  Yes,  it  is  washed  by  this  stirring  and  working  of  the 
melted  metals  and  flaxes  together. 

#  •••*#• 

Mr.  Morgan.  Is  it  a  fact  that  when  you  get  I  per  cent,  of  carbon  into 
a  bar  an  inch  square,  we  will  say,  it  becomes  uneven  in  its  texture  and 
will  draw  out  more  in  one  place  than  at  another  or  is  softer  in  one  part 
than  another!  If  so,  is  that  because  the  metal  will  not  eonibino  with 
more  than  1  per  cent,  of  carbon  I 

Mr.  Emery.  The  1  per  cent,  is  an  arbitrary  i>er  cent.,  which  a])plies 
to  one  kind  of  steel  and  not  to  another.  In  crucible  steel,  what  would 
correspond  to  I  per  cent,  might  correspond  to  turee-fourths  of  I  per 
cent.,  or  even  less,  in  the  open-hearth  steel.  More  carbon  can  be  com- 
bined with  safety  in  the  crucible  steel  without  making  it  hard  and  un- 
equal in  spots  than  in  the  open-hearth  and  Bessemer  steels. 

•  ••#«•• 

Mr.  Morgan.  Where  is  the  boundary  line  between  steel  and  iron  ! 

Mr.  Emery.  There  is  none.  Steel  is  simply  wrought  or  pure  iron, 
with  carbon  and  other  impurities  mixed  therewith.  Some  people  have 
said  that  iron  was  steel  whenever  the  combined  carbon  was  suflBcient 
in  quantity  to  cause  it  to  harden  by  cooling  it  suddenly.  I  have  some 
cold-rollecl  steel  so  soft  that  it  is  rolled  out  to  four-thousandths  of  an  inch 
in  thickness  and  has  so  little  carbon  and  is  so  soft  that,  while  it  is 
worked  out  into  this  thin  plate,  and  therefore  very  highly  worked 
nu^tal,  it  has  a  tensile  strength  of  only  80,000  pounds  to  the  square  inch. 
Yet  this  same  plate  has  sufiicient  carbon  to  enable  it  to  be  hardened  to 
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fly  into  pieces  when  bent  as  would  a  plate  of  glass.  By  tempering,  after 
it  is  thus  hardened,  it  becomes  very  tongh,  sufficiently  so  to  have  a 
tensile  strength  of  more  than  300,000  pounds  to  the  square  inch. 

Mr.  MoEGAN.  Why  do  you  call  that  steel  I 

Mr.  Emeby.  Because  it  is  steel.  It  is  made  by  the  same  processes 
that  make  steel  and  has  its  quality  of  hardening.  Of  the  processes 
of  refining  steel,  the  first  is  to  roll  it  or  hammer  it;  the  second  is  to  tem- 
per it.  Those  two  processes  have  been  in  vogue  since  the  Egyptians 
put  up  the  Pyramids,  and  I  know  not  how  much  longer.  Another  pro- 
cess is  that  of  compression.  Steel,  made  by  any  process,  when  poured 
into  molds  solidifies  first  on  the  exterior,  and  produces,  subsequently, 
by  contraction,  holes  and  porous  spots  in  the  interior.  The  gases  con- 
tained in  it  also  produce  porous  spots.  The  ingot  will  cool  first  next 
to  the  walls  of  the  mold,  as  they  rapidly  cairy  off  its  heat.  The 
shrinking  of  the  ingot,  as  it  solidifies,  is  very  great  and  forms  a  large 
ox)en  space  or  spaces  at  or  near  its  central  axis,  more  of  these  spaces 
being  towards  the  central  and  upper  portion  of  the  ingot  than  else* 
where. 

Mr.  BxJTLEE.  Is  it  a  hole! 

Mr.  Emeet.  Yes,  an  open  hole  or  holes,  with  or  without  an  open  pas- 
sage through  to  the  top  of  the  ingot,  but  more  frequently  a  series  of 
holes,  more  or  less  of  them  joined  together  by  small  openings,  or  par- 
tially  connected  with  each  other  by  smaller  ones.    It  might  be  in  an  in 
got  2  feet  in  diameter,  big  enough  to  pat  your  arm  in. 

Mr.  Albeioh.  In  the  center  Y 

Mr.  Emeet.  Yes,  sir,  and  upper  portion.  And  it  may  have  all  through 
it,  but  more  likely  in  spots  near  the  surface,  blow-holes  from  the  smallest 
possible  size  to  half  an  inch  in  diameter. 

Mr.  BiiTLBE.  At  what  stage  of  the  process  are  these  holes  made  f 

Mr.  Emeet.  While  the  metal  is  solidifying.  The  ingots  often  have 
cracks  clear,  or  part  way,  across  their  faces.  The  comers  cool  first,  re- 
sisting the  contraction  of  the  parts  between  them  and  causing  the  whole 
face  to  crack.  In  the  shrinkage  produced .  while  solidifying,  the  sur- 
rounding parts  must  come  together  or  else  tear  the  contracting  part  in 
two,  and  hence  these  ruptures.  If,  as  soon  as  .the  ingot  is  poured  into 
the  mold,  the  mold  is  very  strong,  and  before  solidification  has  taken 
place  to  any  great  extent,  sufficient  pressure  is  put  upon  the  liquid  metal 
to  cause  the  plastic  part  already  solidified  and  the  liquid  part  not  yet 
solidified  to  be  in  close  embrace  and  is  retained  for  a  few  minutes,  the 
whole  mass  solidifies  as  one,  without  these  open  blow-hgles  and  porous 
spots.  In  addition  to  those  caused  by  shrinkage,  there  are  the  holes 
caused  by  gases  held  in  the  metal  at  the  time  of  pouring  or  formed 
therein  immediately  after.  The  ingot  made  contains  these  in  any  and 
all  parts,  but  the  surface  is  not  likely  to  show  them.  They  will  be  found 
on  cutting  into  it.  Castings  in  various  forms  for  use  without  forging 
will  usually  contain  more  or  less  of  these  gas-holes,  which  usually  have 
a  smooth  wall  surrounding  them  and  occur  in  greater  frequency  on  the 
upper  side  of  the  casting  than  elsewhere. 

If  the  casting  is  solidified  and  cooled  under  heavy  pressure  in  the 
hydraulic  press  these  gas-holes,  or  blow-holes,  as  they  are  ordinarily 
called,  will,  with  the  shrinkage-holes,  almost  entirely  disappear.  The 
gases,  for  instance,  which  occupy  a  cubic  inch  when  under  one  atmos- 
phere of  pressure,  would  occupy  but  one-thousandth  part  of  a  cubic 
inch  when  under  a  pressure  of  16,000  pounds  to  the  square  inch,  or  one 
thousand  atmospheres.  Under  such  reduction  these  blowholes  become 
so  small  as  practically  to  disappear.    This  pressure,  when  thus  used, 


464  OBDNANCE   AND   WAE   SHIPS. 

produces  what  is  called  liquid  compressed  steel,  or  fluid  compressed 
steel,  which  has  no  cracks,  seems  to  be  in  closer  nnion  and  harmony 
throughout,  and  to  be  more  uniform,  and  is  much  stronger  than  steel 
not  so  pressed.  In  the  case  of  the  soft  steels  the  ingot  could  be  pressed 
together  after  it  had  become  cold,  and,  while  cold,  if  sufficient  pressure 
were  used,  these  holes  would  be  reduced  in  size,  and  might,  with  suffi- 
cient pressure,  be  almost  annihilated ;  but  their  walls  would  not  adhere, 
and  the  metal  would  not  be  as  uniform  or  as  strong  as  if  it  had  been 
pressed  in  the  liquid  or  pasty  state.  When  the  metal  is  not  thus  com- 
pressed the  ingot  is  always  strengthened  very  greatly,  either  by  ham- 
mering or  by  hydraulic  pressure  while  it  is  red-hot.  The  ingot  may  be 
allowed  to  cool  and  be  reheated,  or  it  may,  by  the  use  of  the  soaking-pit, 
retain  and  equalizeits  own  heat  sufficiently  to  be  treated  by  the  hammerer 
rolls  to  condense  it  and  close  up  the  spots ;  but  the  strength  in  those  parts 
where  the  large  cavities  were  or  where  cracks  were  wUl  not  then  be  as 
great  as  if  it  had  been  compressed  in  the  pasty  or  fluid  state.  Bat 
whether  compressed  in  that  state  or  not,  further  working  of  the  ingot  in 
the  heprted  state  by  the  hammer  or  rolls  increases  its  strength,  and  the 
more  it  is  so  worked  the  greater  its  strength  is  made. 

Annealing  the  ingot  will  improve  its  quality,  and  tempering  it  in  oil 
will  make  it  still  stronger.  If  the  ingot  is  drawn  out  under  the  hammer 
or  rolls  into  a  bar  or  plate  its  ductility,  strength,  and  limit  of  elasticity 
will  be  much  greater  than  the  metal  cut  from  the  ingot,  but  the  difter- 
ence  will  not  be  marked  if  the  ingot  was  compressed  while  hot. 

If  hammered  or  compressed  cold,  its  strength  and  limit  of  elasticity 
will  be  very  much  increased,  but  its  ductility  will  usually  be  somewhat 
decreased. 

Mr.  HisoooK.  I  have  seen  somewhere  that,  at  some  point,  there  is  an 
action  of  the  steel  they  call  flowing.    What  is  that  t 

Mr.  Emeby.  If  this  bar  of  steel  [illustrating  by  cane]  was  melted  it 
would  flow  from  the  force  of  gravity,  and  if  I  held  it  vertically  [Ulus- 
tratingl  it  would  flow  down,  no  pressure  being  required ;  but  if  heated 
to  bright  red  only,  its  own  weight  would  not  cause  it  to  flow,  but  a  few 
pounds  pressure  would.  If  cold,  a  larger  pressure  would  still  cause  it 
to  flow  or  shorten,  settling  down  together  by  flowing  out  laterally  in 
every  direction,  j ust  as  wax  would  flow  by  pressing  it.  Ordinary  wrought 
iron  will  flow  quite  sensibly  with  a  pressure  of  30,000  pounds  to  the 
square  inch,  beginning  to  flow  slightly  with  from  20,000  to  22,000 pounds; 
the  flow  being  quite  rapid  with  40,000  or  50,000  pounds  to  the  square 
inch.  The  low  steels  which  break  with  a  load  of  from  60,000  to  55,000 
pounds  to  the  square  inch  begin  to  flow  with  a  pressure  of  30,000  or 
35,000  pounds  to  the  square  inch,  and  have  a  tendency  to  flow  with  a 
pressure  of  50,000  or  60,000  pounds  to  the  square  inch,  and  would  be 
forced  rapidly  out  of  dies,  open  at  one  end,  if  the  pressure  on  the  sides 
was  equal  to  70,000  or  80,000  pounds  to  the  square  inch.  Higher  steels 
require  more  pressure  to  cause  them  to  flow,  but  they  will  all  flow  under 
sufficient  pressure,  unless  they  have  so  much  carbon  or  are  so  highly 
tempered  as  to  crack,  when  they  fly  into  pieces  instead  of  flowing. 

To  pass  to  ordnance  in  its  practical  forms,  in  this  Krupp  gun  [exhibit- 
ing drawing  of  gun  to  the  committee]  there  is  one  massive  piece  of  steel 
foiming  the  barrel,  surrounded  by  numerous  bands  to  strengthen  it 
The  mass  of  this  steel  for  a  large  gun,  say  14inch,  is  very  great,  being 
in  the  rough  ingot  perhaps  60  or  70  tons.  The  Krupp  hammer  of  50 
tons,  falling  10  feet,  produces  a  blow  of  500  foot  tons.  This,  on  this 
massive  ingot,  i^  not  suffiiiient  to  proi)erly  work  or  refine  it,  and  Mr. 
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Krapp  finds  it  necessary  to  bail^  a  heavier  hammer  for  the  production  of 
the  larger  gons  that  he  is  making.* 

By  hammering  these  large  gnns  with  too  small  a  hammer  they  are 
not  sufficiently  condensed  anywhere,  and  especially  in  the  interior. 
Even  this  larger  hammer,  when  done,  will  not  work  the  interior  so  much 
as  it  should  l^  done.  The  very  x)oorest  of  the  metal  is  bored  out  to 
make  the  bore  df  the  gun,  and  that  which  is  left  next  to  the  bore  is 
still  the  poorest  part.  At  the  same  time  this  enormous  body  is  of  such 
proportions  and  thickness  that  it  cannot  be  well  oil  tempered,  and  this 
greatly  beneficial  process  is  of  little  avail  in  such  large  masses  when 
thus  proportioned.  The  exterior  of  his  gun,  that  is,  the  parts  which  form 
the  bands,  may  be  well  worked  of  a  high  grade  of  steel,  and  tempered 
to  still  further  improve  it,  and  then  put  on  with  a  high  strain  of  tension 
caused  by  forcing  on  the  bands  with  a  press,  or  by  cooling  and  shrinking 
on  the  barrel. 

Considering  the  gun  which  our  own  War  Department  contracted  for, 
under  an  appropriation  made  especially  for  foqr  12-inch  breech-loading 
guns  three  years  ago  [exhibiting  drawing  to  the  committee],  the  barrel 
was  made  of  coiled  wrought  iron  welded  together  in  short  sections,  the 
parts  being  partly  dressed,  and  then  welded  together  by  hydraulic  press- 
ure,  and  thewhole  finished  as  one  piece  readytoinsertin  the  steel  breech 
receiver.  These  barrels  were  madeatthe  WestPoint  Foundry,  and  nearly 
finished,  when  work  was  suspended  by  the  order  of  the  Department. 
This  breech  receiver,  which  is  made  of  steel  and  constitutes  a  jacket 
inclosing  several  feet  of  the  rear  part  of  the  barrel,  was,  I  am  informed, 
too  large  to  come  within  the  capacity  of  Whitworth's  factory,  and  he 
declined  to  estimate  on  itt  Firth  was  the  only  one  who  made  a  satis- 
factory estimate,  and  the  contract  that  was  awarded  to  him  required 
that  the  metal  should  stand  90,000  pounds  tensile  strain  to  the  square 
inch.  Unfortunately  for  Mr.  Firth,  his  hammer  is  only  25  tons,  while 
the  ingots  for  these  receivers  required,  to  properly  forge  them,  a  ham- 
mer of  100  tons  with  more  than  twice  the  fall  of  his.  The  effect  of  Mr. 
Firth's  light  hammer  was  that  even  the  smaller  forging  for  the  llinch 
gun,  made  by  him  in  the  same  way,  proved  so  inferior  that  it  burst  at 
the  third  fire  through  here,  near  the  face  of  the  breech-block  [illus- 
trating]. The  8-inch  gun  made  in  this  way  burst  through  here  [illus- 
trating] at  the  eighteenth  fire.  The  Firth  hammer  has  to  strike  a 
sharp,  quick  blow  so  a«  to  condense  the  forging  by  impact,  not  having 
the  requisite  weight  to  compress  it  wiUi  the  slower  blow.  The  sharp, 
quick  blow  from  the  light  hammer  may  condense  the  exterior,  but  will 
not  forge  the  mass  through  and  condense  the  interior  as  will  tl^e  heavier, 
more  slowly-moving  100- ton  hammer,  and  still  less  than  the  quick-mov- 
ing 100-ton  hammer  falling  through  a  larger  space. 

Mr.  BxJTLEB.  Is  there  a  plant  or  establishment  in  this  country  able 
to  make  those  receivers  Y 

Mr.  Emebt.  Not  to  forge  or  compress  them. 

Mr.  BUTLEB.  We  have  no  forges  in  this  country  to  make  that  part  of 
the  gun  f 

Mr.  Emeby.  No,  sir. 

The  Ghaibman.  How  large  a  gun  part  could  we  make  f 

Mr.  Emsbt.  Possibly  two  pieces  large  enough  for  the  8-inch  gun. 

The  bursting  of  the  llinch  and  8-inch  rifles  caused  the  Army  Ord- 
nance Department  to  feel  uneasy.  The  subsequent  testing  of  the  metal 
provided  for  the  12-inch  rifles  showed  a  strength  running  from  60,000 
l>ounds  downwards,  instead  of  running  up  to  90,000.  The  result  was 
that,  while  the  barrels  were  made,  and  the  steel  all  made  and  rough 

•  See  page  466. 

t  A  mistake.    Whit  worth  Sc  Co.  {nform  ns  they  were  not  asked  to  offer  bids.     An- 
gufii,  1885.     (Chafrmnn.) 
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dressed  for  the  receivers,  bands,  and  breech-blocks,  they  were  con- 
demned entirely,  and  never  completed.    The  gnns  are  not  made. 

Mr.  AiiDBiGH.  Those  are  the  ^uns  ordered  a  few  years  ago  f 

Mr.  Emeby.  Yes,  sir ;  three  years  ago. 

Mr.  BUTLSB.  Do  yon  know  the  cost  of  that  exi>eriment  Y 

Mr.  Embby.  No,  sir ;  I  had  most  of  the  figures,  but  do  not  bring  them 
to  mind.  The  amonnt  expended  on  the  12-inch  rifles  was  about  $32,000 
to  make  the  wrought- iron  barrels ;  the  steel  for  these  four  guns,  as  im- 
ported, cost  about  $50,000  previous  to  putting  any  work  on  it  at  the 
foundry  here,  where  some  money  was  expended.  The  gun  body  was  to 
be  made  at  the  South  Boston  Foundry.  The  Department  expended — or 
the  South  Boston  Foundry  expended,  the  Department  furnishing  the 
money — some  $60,000,  or  more,  for  plant  to  make  these  guns.  The  cast 
ings  for  the  gun  body  were  not  made,  as  the  work  was  suspended  before 
the  bodies  had  been  cast. 

Mr.  BUTLEB.  Is  it  entirely  practicable  to  have  the  necessary  forgings 
made  and  put  up  in  this  country  for  making  these  pieces  t 

Mr.  Emeby.  Yes ;  but  it  is  not  advisable  to  make  a  12-inch  rifle  in 
this  way. 

Mr.  BuTLEB.  But  with  the  expenditure  of  enough  money,  forges  could 
be  put  up  in  this  country.    What  would  be  the  cost  of  them  f 

Mr.  Emeby.  The  New  York  Times  published  the  following: 

The  Secretary  of  State  has  receiyed  from  Consul  Potter,  at  Crefeldt,  Germany,  a 
report  on  Kropp's  st«el  ordnance  works  at  Essen,  from  which  the  following  extracts 
are  taken : 

The  forging  process  reqairee  vast  arrangements  on  acooant  of  the  immense  weight 
of  the  pieces  wnich  are  to  be  handled,  one  of  which  weighs  sometimes  more  than  60 
tons.  The  st«am-hammer,  now  in  nse  for  this  parpose,  weighs  50  tons,  and  has  a 
stroke  of  10  feet.  Another  hammer  is  now  being  constraoted  of  much  greater  effi- 
ciency, weighing  about  150  tons,  which  wUl  cost  10,000,000  marks,  or  |2,500,000.* 
•  *  •  «  •  «       *  « 

Mr.  Erupp  is  now  enp^aged  in  oonstraotinff  40  centimeter  (16-inch)  ffuns,  of  35 
calibers  in  len^h,  weighing  121  tons,  for  the  Italian  GoYemment.  Ten  of  this  latter 
description,  it  is  stated,  have  been  ordered  at  a  cost  of  894,000  francs  each,  for  the 
purpose  of  coast  defense. 

The  Chairman.  What  is  to  be  the  fall  of  the  Erupp  150-ton  hammer! 

Mr.  Emebt.  I  do  not  know. 

Mr.  Morgan.  The  two  and  a  half  millions  you  sav  covers  the  c^t  of 
the  cranes  and  furnaces,  together  with  the  hammer  T 

Mr.  Emebt.  It  covers  nothing  for  making  the  steel ;  only  the  forging 
of  it. 

The  Chairman.  That  cost  is  for  the  hammer,  its  cranes,  and  heating 
furnaces  only. 

Mr.  Emeby.  Yes,  sir. 

Mr.  MoBGAN.  Don't  you  think  it  is  very  much  overestimated  f 

Mr.  Emebt.  No  ;  I  think  not.  The  foundations  for  the  hammer  are 
very  heavy  and  expensive. 

Mr.  MOBGAN.  What  is  the  material  used  for  the  foundation? 

Mr.  Emebt.  A  great  mass  of  cast  iron  constitutes  the  anvil-block, 
which  rests  on  a  large  bed  of  wood  and  masonry,  piles,  &c. 

Mr.  Butler.  What  is  the  size  of  the  largest  hammer  in  this  country  f 

Mr.  Emebt.  Seventeen  tons.    It  is  at  Park  Brothers,  Pittsburgh. 

Mr.  MoBGAN.  In  constructing  the  hammer,  there  is  no  forging  for  it  Y 

Mr.  Emebt,  It  is  mainly  of  cast  steel  or  cast  iron,  usually  the  latter. 

Mr.  MoBGAN.  We  could  make  a  large  hammer  heref 

Mr.  Emebt.  We  can  make  anything  here,  if  you  pay  us  for  it. 

The  hammer  at  Le  Creusot  weighs  (the  metal  work)  twenty-seven  or 

'Later  information  leadn  u»  tu  ht'litve  tluii  J\.ru|i|»  ih  doiu.'  iinii.iu^  tuWiiul  iit>s  Ijumuier,  but  rather 
^iimlnK  atten^on  to  powurfal  ii/Uraulie  forges.    (Cligiiuiuuj 
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twenty-eight  himdreil  thousand  pounds.  But  if  I  were  going  to  build 
a  hundred  ton  hammer,  with  20  feet  fall,  I  would  put  more  metal  in  the 
foundations.    It  would  be  more  stable. 

The  Chairman."  Explain  the  construction  of  the  anvil-block. 

Mr.  Butler.  How  much  would  you  make  it  weigh! 

Mr.  Ebiert.  One  thousand  tons. 

Mr.  Butler.  Is  that  metal! 

Mr,  Emery.  Yes,  sir:  metal  on  which  the  anvil  proper  rests.  This 
anvil  itself  should  be  of  a  stronger  and  better  class  of  metal  than  would 
be  required  for  this  large  base. 

Mr.  Butler.  Does  it  or  not  require  to  have  a  very  strong  piling  under 
that  to  prevent  shaking! 

Mr.  Emery.  Several  years  ago  Mr.  Krupp  prepared  plans  for,  and 
commenced  the  construction  of,  a  hundred  ton  hammer,  but  never  com- 
pleted it.  The  foundations  for  that  were  90  feet  deep;  he  is  now  con- 
structing a  larger  one.* 

Mr.  Butler.  What  does  he  put  in  that  foundation! 

Mr.  Emery.  A  great  mass  of  masonry  and  piling;  a  great  mass  of 
timber,  and  then  a  great  mass  of  metal. 

Mr.  Morgan.  The  timber  is  to  give  it  spring! 

Mr.  Emery.  Yes,  sir. 

If  a  two  million  pound  casting  instead  of  one  is  used  for  the  base  of 
the  anvil  it  will  stand  and,  by  its  own  inertia,  receive  the  blow,  and  the 
whole  hammer,  foundations  and  all,  will  be  much  less  disturbed  than 
when  it  is  lighter.  It  is  evident  that  the  smaller  the  mass  of  steel  the 
better  the  quality,  no  matter  how  it  is  treated. 

Mr.  Butler.  J3owdo  you  temper  steel! 

Mr.  Emery.  Heat  it  bright  red  and  plunge  it  inter  any  kind  of  oil 
(linseed  and  sperm  being  among  the  very  best  for  this).  The  cooling 
is  less  sudden  than  when  plunged  into  water,  and  the  steel  is  not  hard- 
ened so  much  as  when  plunged  into  water,  or  acid  water,  which  hard- 
ens it  still  more.  This  cooling  in  oil  refines  and  gives  it  a  finer  and 
closer  grain.  It  is  much  stronger,  its  limit  of  elasticity  and  ultimate 
strength  are  raised,  but  its  ductility  is  somewhat  decreased,  and  will 
be  largely  so  if  it  is  cooled  very  quickly. 

Mr.  Butler.  What  is  the  temperature  of  the  oil ! 

Mr.  Emery.  It  should  be  cold. 

Mr.  Butler.  Why  oil  instead  of  any  other  fluid  ! 

Mr.  Emery.  Experience  has  shown  that  it  gives  the  best  results. 
The  parts  are  not  so  brittle  when  tempered  in  oil.  They  are  left  tougher 
and  more  ductile,  and  are  more  evenly  tempered  through  than  if  tem- 
X)ered  in  water. 

Mr.  Morgan.  If  you  are  through  with  descriptions  of  the  diflFerent 
processes,  I  want  to  ask  you  a  few  questions  about  your  testing  ma- 
chine. 

Mr.  Butler.  One  other  question  on  that  x)oint.  The  tendency  of 
your  remarks  appears  to  indicate  that  the  object  is  to  get  as  large  in- 
gots as  possible.  But  if  I  understand  your  conclusions,  they  are  that 
the  smaller  you  get  the  ingots  the  better  you  can  work. 

Mr.  Emery.  Get  the  ingots  as  large  as  your  tools  can  work  them, 
and  then  work  them  down  to  the  smallest  parts  that  will  do  to  buila 
up  the  gun,  as  we  have  seen  the  smaller  these  parts  are  made  the 
greater  is  their  strength. 

There  must  be  a  few  main  pieces,  constituting  when  bound  together, 
the  body  and  barrel  of  the  gun ;  and  these  may  be  strengthened  by 

*8eepa|[e466. 


468  OBDNANCE   A^D   WAR   SHIPS. 

nameroos  smaller  pieces,  sufficiently  worked  to  have  veacy  high  elastic 
and  oltimate  strengths 

Mr.  BuTLEB.  What  is  the  limit  of  redaction  that  gives  the  greatest 
strength  f 

Mr.  Emebt.  It  has  not  yet  been  fonnd. 

Mr.  BuTLEB.  Ton  jast  keep  working  them  down  f 

)Ir.  Emebt.  Yes;  to  a  fine  wire  or  very  thin  sheet.  For  instance,  I 
have  taken  cold-roUed  steel,  rolled  into  a  plate  thirteen  thousandths  of 
an  inch  thick,  and  half  an  inch  wide,  which  is  thns  highly  refined  and 
hardened  by  mechanical  work  put  u|>on  it,  and  then  tempered.  This 
plate  so  treated  broke  under  a  load  of  314,800  {>ounds  to  the  square  mcb. 
It  will  probably  never  be  possible  to  make  large  pieces,  snitable  for  guns, 
with  such  degree  of  strength.  If  so,  we  might  fill  the  powder  chamber 
with  powder,  put  in  a  shot  and  fasten  it  there,  bum  the  powder  and 
leave  the  gases  any  length  of  time,  a  day  or  a  year,  and  then  loose  the 
shot  and  let  the  powder  propel  it  without  firing,  it  having  been  fired 
the  year  previously.  Professor  Treadwell  did,  several  years  ago,  get 
a  small  piece  sufficiently  strong  to  hold  a  charge  of  iK>wder,  thns  cod- 
fined  in  a  bore,  perhaps  a  half  inch  in  diameter,  which  he  fired  and  left 
there  many  hours,  and  then  allowed  the  gas  to  escape  by  opening  a 
vent. 

Mr.  Woodbridge  undertook  several  years  ago  to  build  a  wire  gun,  and 
such  a  gun  was  built  out  of  the  appropriation  for  testing  ordnance  in 
1872.  A  large  sum  of  money,  some  $50,000  or  $60,000, 1  think,  was 
spent  to  produce  a  10-inch  gun  on  his  plan.  This  gun  consisted  of  a 
steel  tube,  which  constituted  the  barrel  of  the  gnu,  around  which  was 
wound  a  mass  of  steel  wire  sufficient  to  constitute  the  body  of  the  gun. 
The  whole  mass  was  then  brazed  together,  which  process  spoiled  the  re- 
fining of  the  steel,  as  it  was  so  far  aunealed  during  the  long  process  of 
brazing  as  to  weaken  the  metal.  The  gun  wsis  inferior  in  strength  to 
the  ordinary  solid  cast  gun,  made  of  charcoal  iron  from  the  air  furnace. 
Tests  of  the  metal  from  this  gun,  and  its  bursting  after  firing  something 
like  one  hundred  rounds,  proved  this.  The  gun  was  fired  with  charges 
considered  small  for  a  steel  gnn,  and  was  then  torn  in  two  transversely, 
showing  it  to  have  very  small  longitudinal  strength,  practically  not 
half  that  of  the  cast-iron  gun. 

Mr.  Butlee.  Is  there  any  arbitrary  form  for  ingots  f 

Mr.  Emery.  No,  sir ;  at  Le  Creusot  they  are  made  about  5  feet  in 
diameter  and  weigh  60  tons.  The  ingot  is  forgeil  under  an  immense 
hammer,  from  a  mass  5  feet  square,  into  armor  plates  from  1^  to  2  feet 
thick,  as  occasion  requires. 

Mr.  Butlee.  What  is  the  form  of  the  ingot  f 

Mr.  Emebt.  Sometimes  cylindrical,  but  usually  rect^angular,  the  sec- 
tion being  most  frequently  square  with  rounded  corners.  The  curva- 
ture of  these  comers  is  from  10  to  20  per  cent,  of  the  diameter  of  the 
ingot,  and  the  length  of  the  ingot  usually  4  or  5  diameters.  The  larger 
the  ingot  the  more  work  must  be  put  upon  it  to  bring  it  down,  and  the 
more  work  put  upon  it  the  greater  the  refining. 

Mr.  BuTLEB.  Your  idea  then  is  to  work  it  down  to  the  smallest  prac- 
tical size. 

Mr.  Emery.  Yes.  And  when  these  highly  refined  parts  are  assem- 
bled, to  have  tension  on  the  parts  constituting  the  exterior,  and  com- 
pression on  those  parts  which  constitute  the  interior  of  the  gun.  The 
strains  at  the  interior  will  be  in  the  reverse  of  those  given  by  the  pow- 
der, in  that  part  of  the  gun,  and  hence  aid  in  opposing  the  powder 
strains. 
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Mr.  Aldrioh.  Do  you  not  tbiuk  you  could  get  the  same  results  by 
compressing  the  liquid  iogot  with  the  hydraulic  press  that  you  get  by 
forging  with  the  hammer. 

Mr.  Emery.  It  is  not  possible  in  some  instances,  and  it  is  better 
done  in  others. 

Mr.  Aldrigh.  In  what  case  would  you  use  the  hydraulic  forget 

Mr.  Emert.  In  those  cases  where  a  great  number  of  pieces  of  one 
exact  size  and  form  were  required,  so  that  dies  would  be  prepared  iu 
which  these  pieces  would  be  compressed  with  great  force.  But  the 
hammer  is  better  adapted  to  a  great  many  pieces  with  special  dies,  and 
it  will  do  a  great  many  things  that  the  press  will  not  do. 

•  «•«••• 

Mr.  HiscoOK.  How  much  do  the  ingots  shrink  t 

Mr.  Emery.  Whether  the  steel  itself,  aside  from  blow  holes,  is  den- 
ser by.  hammering,  is  an  open  question  to-day.  There  are  some  things 
that  would  make  it  appear  that  the  refining  by  hammering  or  by  tem- 
pering does  not  increase  the  density. 

The  Chairman.  Do  you  mean  to  say  you  cannot  distinguish  the  dif- 
ference in  specific  gravity  between  steel  completely  treated  and  ingot 
steel  f 

Mr.  Emery.  This  matter  has  not  yet  been  well  determined,  but  recent 
experiments,  carried  on  very  extensively  by  M.  Spring,  go  to  show  this. 
He  used  pressures  running  from  twenty  to  nearly  thirty  thousand  at- 
mospheres, or  from  three  to  over  four  hundred  thousand  pounds  per 
square  inch  j  and,  after  some  years  experimenting,  leaving  these  press- 
ures on  in  some  cases  hours,  in  some  cases  days,  and  in  some  instances 
weeks,  he  concluded  that  as  soon  iis  the  pores,  or  spots  occupied  by  the 
gases,  are  closed  up  there  is  no  further  condensation  of  the  metal ;  or, 
in  other  words,  that  the  metal  itself  is  not  at  all  condensed  by  the  press- 
ure, but  that  all  that  the  hammering  or  pressure  can  do  to  increase  the 
density  is  simply  to  close  up  the  holes  or  porous  spots,  leaving  the 
metal  itself  in  close  compact. 

At  the  Crescent  Steel  Works,  in  Pittsburgh,  the  crucible  steel,  rolled 
out,  goes  into  machines  which  have  a  series  of  rotating  hammers  run- 
ning at  very  high  speed,  the  rods  passing  through  them  until  they  come 
out  so  smooth  and  uniform  that  you  cannot  tell  by  handling  and  obser- 
vation the  difierence  between  them  and  drawn  wire,  but  in  quality 
they  are  more  highly  refined  and  better;  and  when  thus  hammered  and 
drawn  out  will,  by  tempering,  be  still  further  refined,  and  give  the  best 
quality  of  steel  yet  known. 

Mr.  Morgan.  Does  the  rod  get  hot  under  the  hammers  t 

Mr.  Emery.  Warm,  but  not  hot.    You  can  take  it  in  your  hand. 

Mr.  Morgan.  You  are  the  inventor  of  the  Watertown  testing-ma- 
chine, I  believe  f 

Mr.  Emery.  Yes,  sir. 

Mr.  Morgan.  How  many  different  tests  of  metal  can  be  made  upon 
that  machine  f 

Mr.  Emery.  The  machine  is  prepared  to  te^st  specimens  for  tension 
or  compression  on  all  lengths  up  to  28  or  30  feet,  and  of  any  load  from 
1  pound  up  to  800,000.  It  is  also  prepared  for  testing  short  specimens 
only  with  transverse  loads.  I  have  devised  transverse  apparatus  for 
large  long  beams,  and  have  designed  torsion  apparatus  for  all  sized 
shafts  up  to  those  of  the  largest  steamboats^  by  which  they  could  be 
tested  and  their  qualities  found  without  injuring  the  shafts. 

Mr.  Morgan.  The  test  for  shafting,  your  present  machine  does  not 
maket 
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Mr.  Ehsrt.  It  does  not.  That  will  require  a  separate  machine.  The 
new  machine  is  not  ordered.  Estimates  were  put  in  for  torsion  appa- 
ratus and  transverse  apparatus  for  each  of  the  last  two  years,  but  the 
appropriation  committee  did  not  report  them. 

Mr.  Morgan.  With  this  present  machine  you  cannot  give  torsional 
tests  f 

Mr.  Emert.  No,  sir. 

Mr.  Morgan.  After  you  had  completed  that  machine  yoo  turned  it 
over  to  the  Government  Y 

Mr.  Emert.  After  I  completed  it,  and  while  I  was  setting  it  up.  Con- 
gress passed  a  law  instructing  the  Secretary  of  War  to  use  it  for  every 
person  who  should  apply. 

Mr.  Morgan.  It  is  not  now  under  your  management  t 

Mr.  Emert.  I  have  no  more  to  do  with  it  than  you  have. 

Mr.  Bandall.  You  still  have  some  pretty  anxious  inquiry  over  it 
You  look  over  it  occasionally  Y 

Mr.  Emert.  I  have  been  there  several  times. 

Mr.  Bandall.  Has  the  field  of  experiment  with  the  machine  been  a 
very  wide  one  f 

Mr.  Emert.  The  field  of  experiment  has  been  to  make  tests  for  pri- 
vate parties  and  for  the  general  information  of  the  public.  The  latter 
is  in  my  estimation  highly  commendable.  Some  parties  think  the  Gov- 
ernment should  not  do  that  for  the  people,  but  that  the  people  should 
do  it  for  themselves.  I  disagree  with  them.  As  regards  private  tests 
there  are  two  sides  to  the  question.  It  is  of  advantage  to  the  individual 
to  be  able  to  go  and  make  these  tests  and  find  how  to  do  his  work  with- 
out having  to  provide  his  machine ;  but  it  works  great  injustice  to  me, 
as  the  inventor,  as  only  about  a  fifth  of  the  actual  cost  of  the  machine 
was  paid  me,  and  this  free  use  by  private  parties  tends  to  prevent  my 
selling  other  machines.  Under  this  law  passed  by  Congress  the  use  of 
the  machine  was  made  free  to  all  individuals,  they  merely  paying  the 
direct  cost  of  running  the  machine  while  their  tests  are  being  made,  no 
charge  being  made  for  its  use. 

There  have  been  tested  brick  for  the  new  Pension  Office,  foundations 
for  the  Washington  Monument,  and  various  building  stones ;  also  a  large 
mass  of  timber.  Some  columns  were  tested  with  sections  as  large  as 
14  by  16  inches,  and  these  large  columns  were  crushed  longitudinally 
with  from  a  third  to  a  fifth  of  tiie  strength  credited  to  them  in  many 
engineering  works,  where  the  results  were  based  upon  tests  of  small 
pieces  tested  in  small  machines. 

There  have  also  been  tested  a  great  variety  of  iron  for  bridges,  and  a 
great  many  specimens  of  boiler  plates ;  many  tests  of  parts  of  the  East 
Biver  bridge,  and  of  bridges  for  the  Pennsylvania  Bailroad,  have  been 
made.  Some  of  these  bridges  had  been  up  a  number  of  years,  and  it 
was  wished  to  discover  whether  they  were  sufficiently  strong  to  carry 
safely  some  heavy  locomotives  that  were  being  made.  Short  links  of 
similar  material,  section,  and  form,  except  as  to  length,  were  made  and 
tested  so  as  to  give  an  accurate  knowledge  of  what  the  longer  links  of 
similar  quality  and  like  section  would  bear,  and  to  determine  what  those 
bridges,  which  were  up,  would  bear  without  injury. 

Mr.  Morgan.  Do  you  have  tests  from  the  Pacific  coast  f 

Mr.  Emert^.  I  think  so,  but  cannot  say  what  comes  from  there.  They 
come  from  various  parts  of  the  country,  but  more  largely  fix)m  the  North, 
which  does  more  manufacturing.  Some  specimens  have  come  from 
Canada ;  but  their  tests  are  expensive,  as  the  parties  have  to  pay  duties 
on  the  specimens  brought  in  for  testing.    I  remember  one  instance  where 
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two  columns  sent  from  Canada  for  testing  cost,  for  duties,  freight,  and 
testing,  over  $400. 

Mr.  MoBGAN.  From  what  part  of  the  United  States-  do  ores  come  from 
which  metals  are  made  which  gave  the  best  results  Y 

Mr.  Emebt.  There  have  not  been  sufficient  experiments  made  by  any-^ 
one  to  give  us  any  definite  classification.  In  the  case  of  some  iron  brought 
from  Lake  Superior  during  the  war  forty -two  cannon  were  cast  under 
my  directions  for  the  State  of  New  York,  and  the  average  tensile  strength 
of  specimens  from  the  last  thirteen  tested  was  over  45,000  pounds  to  the 
square  inch,  and  one  ran  up  to  49,496.  These  are  the  highest  tests  of 
cast  iron  known  to  me. 

Mr.  BUTLEB.  Gould  you  form  any  idea  or  estimate  of  the  cost  to  the 
Government  of  a  test  of  the  various  ores  in  the  different  parts  of  the 
United.States  worked  up  under  the  supervision  of  an  expert  in  metal  f 
Suppose  we  wanted  to  have  that  question  settled  by  getting  ores  from 
the  various  parts  of  the  United  States,  the  Pacific  coast,  and  everywhere 
else,  how  much  would  it  cost  to  manufacture  these  ores  into  steel,  and 
then  put  them  to  test  in  your  machine  f 

Mr.  Emeby.  If  the  steel  is  intended  for  boiler  and  ship  plates  it  would 
be  one  thing,  if  for  drawn  wire  another,  if  for  merchant  bars  another,  if 
for  railroad  bars  another,  steel  castings  and  bridges  another,  if  for  ord- 
nance still  another. 

Mr.  BuTLEB.  Take  ordnance,  for  instance,  what  would  be  the  cost  f 

Mr.  Emebt.  To  experiment  sufficiently  to  properly  classify  the  value 
of  the  ores  from  the  different  parts  of  the  country,  for  any  of  the  above- 
mentioned  purposes,  would  require  a  very  considerable  sum  of  money ; 
but  if  we  take  the  question  of  ordnance,  a  more  extended  and  extensive 
investigation  would  be  required  than  for  any  other  purpose,  or  perhaps 
than  all  the  others  put  together.  Indeed,  the  different  ores  would  have 
to  be  worked  up  to  make  the  different  sized  parts ;  in  many  instances 
they  would  have  to  be  worked  in  large  masses ;  and,  after  working,  their 
value  as  guns  could  only  be  determined  by  extensive  tests ;  and  if  the 
metal  proved  good,  by  the  actual  construction  and  test  of  the  guns  them- 
selves, from  the  metals  so  worked. 

•  •  •  •  •  •  • 

Mr.  MOBGAK.  Our  inquiry  here  is  somewhat  limited.  We  are  trying 
to  find  out  the  capacity  of  our  country  to  produce  metal  for  making  guns 
of  high  i)ower,  also  machine-tools  for  the  manufacture  of  those  guns. 

Mr.  Emebt.  The  Cambria  Iron  Company,  at  Johnstown,  Pa.,  is  not 
only  able  to  produce,  but  is  note  producing  five  or  six  hundred  tons  of 
steel  per  day. 

Mr.  MoBGAN.  Is  that  steel  of  quality  suitable  for  making  guns  of 
highest  possible  power  t 

Mr.  Emebt.  Not  a  pound  of  it.  The  Cambria  furnaces  are  well  adapted 
to  making  steel  for  ordnance,  but  for  this  purpose  men  are  required 
specially  skilled,  by  past  or  future  training,  to  use  these  furnaces  in 
making  the  special  quality  of  steel  desired. 

Mr.  Au)BiCH.  Are  they  open-hearth  furnaces  ? 

Mr.  Emebt.  Yes ;  open-hearth,  rotary  furnaces. 

Mr.  MoBGAN.  You  State  your  opinion  that  in  Johnstown  steel  could 
thus  be  made  in  any  quantity  to  give  the  highest  possible  quality  of 
gun! 

Mr.  Emebt.  Yes;  steel  to  go  through  the  process  of  treatment  which 
I  have  mentioned,  making  it  fit  for  the  highest  quality  of  ordnance. 
There  are  also  many  open-hearth  furnaces,  both  rotary  and  stationary, 
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at  several  other  places  where  only  suitable  men  of  experience  would  be 
required  to  produce  steel  suitable  for  making  parts  of  ordnance. 

Mr.  Morgan.  In  other  words,  we  have  the  ore  and  plants,  and  we 
can. make  steel  suitable  for  ordnance;  but  would,  of  course,  require 
some  experience  in  using  these  plants  in  the  production  of  steel  espe- 
cially suitable  for  ordnance,  before  such  steel  would  be  produced. 

Mr.  Emery.  We  have  everything  requisite  for  making  a  much  more 
powerful  gun  than  the  world  has  yet  produced,  except  the  consent  of 
Congress  to  provide  money  continuously,  in  sufficient  quantities  for 
ordnance,  to  induce  onr  manufacturers  to  put  up  the  necessary  plants 
to  work  such  steel  into  guns. 

Mr.  Morgan.  I  take  it  for  granted,  by  the  adoption  of  your  machine 
by  the  Ordnance  Board  of  the  Army,  that  it  is  a  conceded  &ct  that  it 
is  the  best  and  most  accurate  machine. 

Mr.  Ehert.  The  whole  world  concedes  that. 

Mr.  Morgan.  Therefore  the  tests  made  by  this  Board  were  not  as  com- 
plete as  if  they  had  been  made  on  your  machine f 

Mr.  Emery.  IS'ot  one  of  those  tests  were  made  on  my  machine. 

Mr.  Morgan.  I  want  to  know  if  these  tests  are  as  accurate  as  they 
would  have  been  if  made  on  your  machinef 

Mr.  Emery.  Fo  ;  I  believe  in  many  instances  they  were  very  unre- 
liable. 

Mr.  Morgan.  I  want  to  know  whether,  in  our  investigation,  we  should 
predicate  our  observation  on  the  result  of  tests  made  by  this  Board  for 
testing  steel  and  iron. 

Mr.  Emery.  I  would  only  predicate  them  on  metal  which  I  knew  to 
be  like  that  tested. 

Mr.  Morgan.  We  want  to  get  at  something  that  will  inform  us  as  to 
the  capacity  of  our  country  for  making  guns,  and  we  want  to  select 
the  best  places  for  establishing  Government  works.  It  is  for  that  pur- 
pose we  want  to  ascertain  what  particular  places  the  metals  came  from 
which  were  used  in  those  tests. 

Mr.  Emery.  Those  metals  were  not  made  into  ordnance,  and  do  not, 
therefore,  give  you  the  information  applicable  to  guns. 

Mr.  HiSGOCK.  Has  it  now  reached  that  point  that  really  the  diflBor- 
ences  in  ores  are  overcome  by  the  method  of  handling  them  t 

Mr.  Emery.  Ores  worthless  ten  years  ago  are  to  day  serviceable  for 
Bessemer  and  open-hearth  steel  of  good  quality. 

Mr.  Butler.  Is  it  not  true  that  the  finest  class  of  ore  would  make  the 
finest  class  of  metal,  if  properly  worked! 

Mr.  Emery.  I  think  it  would. 

Mr.  Butler.  Have  you  ever  given  any  attention  to  the  difference  in 
the  cost  of  plants  in  this  country'  and  in  Europe;  for  instance,  take  the 
Boyal  Arsenal  at  Woolwich,  or  Newcastle-on-Tifne. 

Mr.  Emery.  I  would  usually  add  our  40  per  cent,  tariff. 

Mr.  Butler.  You  mean  40  per  cent,  greater  here  than  in  England  f 

Mr.  Emery.  That  would,  as  a  rule,  measure  the  difference  in  cost. 
But  taking  away  the  duty  from  the  metal  used  would  not  reduce  the 
cost  40  per  cent,  because  we  still  have  to  pay  high  prices  for  labor. 

Mr.  Butler.  In  other  words,  if  we  wanted  to  duplicate  one  of  those 
plants  it  would  cost  40  per  cent.  more. 

Mr.  Emery.  If  you  take  Whitworth's  process  and  add  40  i>er  cent, 
you  would  not  have  such  a  forge  as  would  be  desirable;  and  even  then, 
if  it  were  my  own  case,  I  would  surely  add  the  hammer. 

Mr.  Morgan.  That  is  to  say,  you  would  not  be  willing  to  make  the 
experiment  of  getting  along  without  it  f 
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Mr.  Ehebt.  Na  The  making  of  a  plant  by  the  GovernWietlt,  how- 
ever, stands  right  in  the  way  of  individuals  making  a  plant  fi^  the  pro* 
dnction  of  gans. 

•  •••••  N# 

The  Chairman.  It  will  be  a  qaestion  whether  it  will  be  wise  fo^  the. 
Government  to  make  a  portion  of  the  plant,  making  contracts  witb^^ 
private  individuals  for  material  and  parts  ready  to  be  worked  out.    The 
finalbuilding  of  the  gun  could  then  be  done  by  the  Government. 

Mr.  Emery.  The  question  of  working  steel  so  far  has  usually  resulted 
in  this  way :  That  the  tools,  that  is  the  hammer,  or  forging  apparatus, 
which  works  the  steel,  shall  be  within  reach  of  the  furnace  which  ope- 
rates it.    As  a  rule  they  should  be  together. 

The  Chairman.  Yon  mean  that  it  is  better  to  have  the  whole  gun 
made  in  one  place  f 

Mr,  Emery.  Yes,  sir. 

Mr.  Butler.  Will  not  the  private  manufacturers  want  to  have  some 
tissurance  from  the  Government  for  a  pretty  large  appropriation  through 
a  series  of  years  before  they  would  put  up  a  plant  large  enough  Y 

Mr.  Emery.  I  will  answer  that  by  taking  my  own  case.  As  a  manu- 
facturer and  inventor  of  ordnance  I  say  this :  If  the  Government  will 
order  of  me  one  hundred  12-inch  rifles,  I  will  furnish  them  in  six  years, 
putting  up  my  own  plant,  with  the  understanding  that  if  the  guns  are 
satisfactory  the  Government  shall  take  them  and  pay  for  them,  but  not 
otherwise. 

Mr.  Butler.  Do  you  think  you  could  do  it  for  one  hundred  guns  t 

Mr.  Emery.  I  would  be  willing  to  take  the  risk.  I  will  put  up  the 
plant.  The  money  which  you  would  have  to  appropriate  would  be,  say, 
$50,000  apiece,  or  $5,000,000  altogether. 

Mr.  Morgan.  How  would  the  cost  compare  with  that  of  the  same 
number  of  guns  made  at  Government  establishments  t 

Mr.  Emery.  It  would  probably  be  very  much  less ;  because  to  pro- 
duce those  guns,  a  plant  worth  $2,000,000  is  needed.  When  you  have 
my  one  hundred  guns,  you  do  not  pay  for  my  plant.  But  you  pay  for 
the  guns  less  than  it  would  cost  you  to  produce  them,  because  private 
manufacturing  is  more  economical  than  public. 

Mr.  Butler.  How  long  would  it  take  to  deliver  them  ! 

Mr.  Emery.  It  would  be  one  year  before  the  lirst  gun  would  be  ready ; 
six  months  before  the  next;  and  after  that,  one  a  month  until  the  third 
year ;  after  that,  two  a  month. 

Mr.  Butler.  In  that  way,  covering  six  years. 

Mr.  Emery.  Yes,  a  million  dollars  a  year,  and  you  will  get  one  hun- 
dred guns  which  I  will  guarantee  to  be  the  very  best. 

Mr.  Morgan.  I  want  to  know  whether  the  manufacturers  of  the 
United  States  can  make  machine  tools  of  as  high  quality  in  every  re- 
spect as  can  be  made  abroad.  I  saw  a  statement,  copied  from  a  state- 
ment of  a  board  of  French  engineers  very  recently,  who  had  been  on  a 
tour  of  inspection  in  the  United  States  to  rejwrt  to  a  society,  and  they 
report  that  they  have  to  open  their  eyes  and  go  to  work,  or  the  Ameri- 
cans would  take  the  market  away  from  them.  Now,  in  making  the  tools 
that  you  speak  of,  would  you  make  them  of  American  or  imported 
steel! 

Mr.  Emery.  Wholly,  I  think,  of  American  steel. 

Mr.  Morgan.  Then  we  can  produce  steel  in  the  United  States  suited 
for  the  best  tools  ? 
'     Mr.  Emery.  We  can  produce  the  best  steels  in  this  country,  and  if 
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yoa  set  as  to  making  gans  we  can  make  them  as  well  as  they  can  be 
made  anywhere. 

The  Chairman.  There  is  a  firm  in  my  town  which  has  spent  $30,000  • 
in  perfecting  a  small  measaring  machine.    They  made  the  discovery 
that  there  were  no  two  standards  of  measurement  in  the  world  of  the 
same  length. 

Mr.  Embby.  The  Russian  (Government  sent  some  engineers  to  this 
country  to  look  at  machinery.  In  the  course  of  their  travels  they 
visited  the  shops  of  William  Sellers  &  Company,  in  Philadelphia.  So 
much  pleased  were  they  with  the  quality  and  character  of  the  tools 
made  there,  that  on  their  return  the  Emperor  requested  them  to  ask 
the  firm  to  give  an  estimate  for  duplicating  their  entire  works,  every 
tool  in  it.  Mr.  Sellers  gave  an  estimate  which  was  accepted.  He  pro- 
duced a  duplicate  of  his  works  and  it  went  to  Eussia  to  be  set  up.  So 
highly  pleased  were  the  Russian  people  that  they  sent  by  Ihe  Emperor 
himself  a  special  invitation  to  William  Sellers  to  come  out  to  Russia 
and  go  under  special  escort  throughout  the  Russian  Empire  as  a  Great 
Mogul — these  last  words  are  my  own.  Owing  to  death  in  his  family 
Mr.  Sellers  declined  to  go. 

The  firm  of  Pratt  &  Whitney,  of  Hartford,  Conn.,  spoken  of  by  the 
chairman,  sent  three  million  dollars'  worth  of  fine  tools  to  the  German 
Government,  mostly  tools  for  making  and  inspecting  small  arms. 


STATBMEHT  OF  COMltAVDEB  B.  B.  EVAH8,  V.  8.  H. 

PiTTSBUEGH,  Pa.,  December  10, 1884. 

Mr.  MOBGAN.  What  is  your  rank  in  the  Navy,  and  to  what  duty  are 
y oa  now  assigned  f 

Commander  Evans.  Commander,  United  States  Navy :  now  on  ^'wait- 
ing orders";  employed  by  the  Baltimore  and  Ohio  Eailroad  Company 
as  inspector  of  bridge  material  and  construction. 

Mr.  MoBaAN.  If  you  have  been  engaged  in  testing  structural  steel 
in  Pittsburgh,  please  state  for  how  long  you  have  been  so  employed, 
and  the  character  of  the  tests  you  have  been  conducting,  and  for  what 
work  the  steel  is  intended. 

Commander  Evans.  I  have  been  engaged  in  the  city  of  Pittsburgh 
in  testing  steel  for  structural  purposes  since  August  1, 1884.  The  char- 
acter of  the  tests  has  been  varied ;  chemical  and  physical;  specimens 
aud  full-sized  members.  They  have  been  mostly  for  the  purpose  of  ob- 
taining steel  of  proper  quality  for  use  in  the  railroad  bridge  now  being 
constructed  over  the  Susquehanna  Biver  at  Port  Deposit,  Md.,  by  the 
Baltimore  and  Ohio  BaUroad  Company.  I  have  also  observed,  in  a 
professional  way,  the  results  of  tests  of  steel  castings  for  various  pur- 
poses. 

Mr.  MoBaAN.  Is  the  steel  you  have  been  testing  made  of  American 
or  foreign  ores  or  metal,  and  in  what  prox)ortion  is  it  foreign.  Please  to 
state  the  number  of  tests  you  have  made,  and  state  about  the  average 
results  of  those  tests  as  to  tensile  strength,  elongation  or  elastic  limit, 
and  in  the  other  respects  in  which  you  have  applied  the  tests.  Where 
was  the  steel  made  and  rolled  or  hammered  that  you  have  been  testing  t 

Commander  Evans.  The  steel  I  have  been  testing  was  made  from  a 
mixture  of  American  and  foreign  metal — about  half  and  half.  Steel  of 
the  same  quality  has,  however,  been  made  of  purely  American  ores.  It 
is  simply  a  question  of  the  percentage  of  phosphorus,  and  any  ore  or 
metal  with  .07  to .08*  percent,  phosphorus  can  be  safely  and  successfully 
used  in  the  manufacture  of  structural  steel.  This  percentage  has  been 
found  in  American  ores,  and  as  I  have  above  stated,  steel  of  the  finest 
quality  has  been  made  in  Pittsburgh  from  the  native  product. 

I  have  made  about  five  hundred  tests  of  steel,  with  the  following  av- 
erage results :  For  compression  steel,  elastic  limit,  52,000  pounds  per 
square  inch ;  ultimate  strength,  83,00i0  pounds  per  square  inch ;  elonga- 
tion in  8  inches,  20  per  cent. ;  reduction  of  area  at  point  of  fracture, 
45  per  cent.  For  tension  steel,  elastic  limit,  44,000  pounds  per  square 
inch :  ultimate  strength,  73,000  pounds  per  square  inch ;  elongation  in 
8  inches,  26  per  cent. ;  reduction  of  area  at  point  of  fracture,  50  per  cent. 

These  results  have  been  easily  obtained  in  test  specimens  and  with 
great  regularity. 

The  full-sized  members  tested,  mostly  eye  bars  9'x6''xl'',  have  aver- 
aged as  foUows :  Elastic  limit,  43,000  pounds  per  square  inch ;  ultimate 
strength,  72,000  pounds  per  square  inch^  elongation  in  whole  length, 
17  per  cent. ;  reduction  of  area  at  point  ot  fracture,  40  per  cent. 

They  were  annealed  in  a  furnace  after  being  upset.  The  fractures  all 
showed  fine  silky  and  tough,  with  occasional  spots  of  silicon. 

*  Would  give  about  .17  in  the  steel ;  for  .08  in  ore  -f-  .07  in  the  pig  +  .02  in  the  ooal 
as  .17  in  the  ttael    (Chairman.) 
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Had  the  Bpeciflcations  called  for  different  results  from  those  given 
above,  the  compositiou  of  the  blows  could  have  been  so  changed  as  to 
prodace  metal  of  almost  any  required  physical  properties. 

The  steel  above  referred  to  was  made  by  the  Pittsburgh  Bessemer 
Steel  Company,  at  Homestead,  Pa.  The  slabs  for  compression  steel 
were  hammered  in  Pittsburgh,  and  both  compression  and  tension  were 
rolled  at  the  Union  Iron  Mills,  Pittsburgh. 

Mr.  MoBGAN.  Are  you  familiar  with  the  open  hearth,  crucible,  and 
Bessemer  processes  of  making  steel  t  Which  do  you  prefer  as  produc- 
ing the  best  metal  for  guns  of  high  power,  either  built  up  or  cast,  for 
boiler  and  ship  plates,  for  armor  plates,  and  state  your  reasons  for  the 
preference  you  state  t 

Commander  Evans.  I  am  familiar  with  the  different  processes  named. 

For  built-up  guns  the  crucible  steel,  as  manipulated  by  Kmpp,  has, 
up  to  a  late  date,  given  the  best  results  in  large  calibers. 

In  the  immediate  past  the  open-hearth  fluid  compressed  steel  of 
Sir  Joseph  Whitwortli  has  excelled. 

For  guns  of  6-inch  caliber  and  under,  the  open-hearth,  hammered 
steel,  manufactured  in  this  country  has  proved  equal,  if  not  superior,  to 
any  made  abroad  under  any  process ;  and  had  we  the  necessary  plant 
for  handling  large  masses  of  steel  I  see  no  reason  why  we  should  not 
make  guns  of  any  desired  size  and  power. 

I  am,  however,  firmly  convinced  that  the  gun  of  the  future,  both  for 
sea-coast  and  afloat,  will  be  a  steel  cast  gun  ;  and  I  regard  the  Bessemer 
process  as  capable  of  greater  refinement  than  either  of  the  others  men- 
tioned, and  therefore  the  best  for  producing  the  metal  for  such  guns  as 
we  may  require,  either  cast  or  built  up. 

I  will  give  two  reasons  only  for  this  opinion :  The  more  homogeneous 
character  of  properly  made  Bessemer  steel  in  masses,  for  hammered  or 
compressed  work  j  and  the  possibility,  by  rabbling,  of  doing  away  with 
blow-holes  in  castings. 

For  boiler  and  ship  plates  I  am  decidedly  of  the  opinion  that  they 
can  be  most  surely  and  safely  made  by  the  Bessemer  process.  They  can 
also  be  made  by  the  open-hearth  process,  but  I  do  not  believe  with  the 
same  regularity  of  physical  properties.  The  making  of  armor  plates  is 
an  unknown  industry  in  this  country,  but  with  a  proper  plant,  and  Gov- 
ernment aid,  Pittsburgh  could  supply  them  in  anj'  desired  quantity 
and  of  any  desired  quality. 

Mr.  Morgan.  Is  it  your  opinion  that  steel  in  sufficient  quantities  could 
be  produced  at  Pittsburgh,  from  American  ores  or  metal,  to  supply  the 
guns  for  the  sea-coast  and  naval  armament  of  the  United  States,  if  the 
proper  furnaces  and  other  appliances  were  erected  there,  and  that  all 
the  steel  plates  could  be  furnished  there  to  build  a  navy  of,  say,  fifty 
first-class  ships  t 

Commander  Evans.  From  my  experience  with  the  steel  manufacturers 
of  Pittsburgh,  1  do  not  hesitate  to  say  that  they  can,  with  proper  plant, 
furnish  steel  plates  of  any  desired  quality,  of  purely  American  ores, 
faster  than  all  the  ship  builders  of  this  or  any  other  country  could  use 
them ;  and  gun  metal,  either  tubes  and  hoops  for  built-up  guns  or  cast- 
ings, faster  than  the  Government  could  construct,  in  the  one  case,  or 
bore  out  and  finish  in  the  other. 

Mr.  Morgan.  Are  you  familiar  with  the  subject  of  tempering  steel  in 
oil  t  State  the  proper  heat  to  give  the  best  results  in  such  temperings, 
and  the  best  oil  you  have  found  for  the  purpose. 

Commander  Evans.  I  am  familiar  with  oil-tempering.  The  proper 
heat  to  give  the  best  results  depends  upon  the  purpose  for  which  the 
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steel  is  to  be  used.  Generally  speaking,  forgings  and  castings  for  guns 
should  be  raised  to  a  temperature  of  600^,  a  go^  mellow  heat  through- 
out the  entire  mass  and  tempered  at  that  heat.  Cotton-seed  oil,  at  a 
temperature  of  95^,  has  given  the  best  results. 

Mr.  MoBGAN.  Is  there  any  marked  difference  in  the  beneficial  effects 
of  tempering  steel,  whether  the  piece  to  be  treated  be  large  or  small  t 
Up  to  what  weight  do  you  consider  it  feasible  to  benefit  steel  by  oil-tem- 
pering f  If  you  could  properly  heat  a  100- ton  gun,  and  could  immerse 
it  conveniently  in  an  oil  bath,  do  you  believe  that  it  could  be  benefited 
by  oil- tempering  t 

Commander  PjVANS.  There  is  a  difference  in  the  beneficial  effects  of 
oil-tempering  in  favor  of  the  smaller  pieces ;  not,  however,  to  an  exag- 
gerated extent.  I  consider  it  feasible  to  benefit  steel  by  oil-tempering — 
having  reference  to  the  weight  of  the  mass — to  any  extent,  the  limit 
being  your  capacity  for  handling  the  mass.  A  100-ton  gun  could  be 
properly  heated  by  the  use  of  natural  gas,  and  with  proper  appliances 
lowered  into  a  bath  of  cotton-seed  oil,  and  would  undoubtedly  be  bene- 
fited by  such  treatment. 

Mr.  MoBGAN.  What  has  been  the  result  of  your  observations  as  to 
the  percentage  of  tensile  strength  and  limit  of  elougatiou  that  can  be 
added  to  steel  by  oil-tempering  f 

Commander  ICvANS.  It  may  be  safely  asserted  that  oil- tempering, 
properly  done,  will  add  10  per  cent.,  to  the  ultimate  strength  and  8  per 
cent,  to  the  elastic  limit,  while  the  elongation  will  remain  practically 
the  same. 

Mr.  MoBaAN.  In  tempering  steel  in  oil,  is  the  beneficial  effect  ex- 
tended thoroughly  throughout  the  body  of  the  metal  treated,  or  is  it 
limited  to  a  certain  depth  from  the  surface  t  Does  the  metal  shrink 
when  tempered  in  the  oil  bath  t  Does  it  become  more  dense  and  solid, 
or  are  the  crystals  more  compactly  arranged  by  this  process  t 

Commander  Evans.  In  tempering  steel  in  oil  the  beneficial  effects 
extend  throughout  the  entire  mass,  and  are  not  confined  to  the  surface 
or  the  metal  in  its  immediate  vicinity.  The  metal  does  not  shrink  when 
in  the  oil  bath,  but  the  heat  being  slowly  removed,  allows  the  parti- 
cles time  to  arrange  themselves  in  the  most  compact  form,  thus  render- 
ing the  whole  mass  solid  and  homogeneous. 

Mr.  MoBGAN.  Cecn  you  state  any  chemical  or  physical  change  that 
occurs  through  tempering  steel  in  oil  t  Please  to  state  any  other  mat- 
ter relating  to  this  subject  that  you  think  would  be  useful. 

Commander  Evans.  I  have  failed,  by  chemical  analysis,  to  find  any 
chemical  change  in  steel  tempered  in  the  oil  bath.  Physical  changes 
unquestionably  take  place.  As  stated  in  the  answer  to  the  last  ques- 
tion, the  particles  of  the  metal  are  held  in  suspense,  owing  to  the  slow 
and  regular  cooling,  and  thus  have  time  to  arrange  themselves  in  the 
form  capable  of  giving  the  greatest  elastic  limit  and  ultimate  strength. 
Exx)eriment  has  demonstrated  this  beyond  the  iK>ssibility  of  doubt. 

In  conclusion,  I  would  state  that,  owing  to  the  use  of  natural  gas  in 
the  steel  furnaces  of  Pittsburgh,  a  regular  heat  of  any  degree  of  inten- 
sity can  be  maintained,  which  necessarily  gives  a  great  advantage  over 
other  localities.  One  can  readily  imagine  a  receiver  holding  150  tons 
of  Bessemer  steel  or  more  kept  at  any  required  heat  by  this  fuel  prop- 
erly applied,  afterwards  rabbled  for  the  second  time,  and  then  run  into 
a  casting  absolutely  free  from  blow- holes.  By  mechanical  devices  which 
seem  possible,  this  mass  could  be  transferred  to  an  oil  bath,  and  if  the 
heat  be  not  what  is  desired  it  could  be  raised  into  the  gas  furnace 
above  and  reheated  with  the  greatest  facility,  and  then  finally  tem- 
pered. 
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CUMBEELAHD  IBON  XOURTAni,  BEODE  ISLAHB. 

Of  the  varioas  deposits  of  magnetic  iron  ore  in  this  part  of  the  United 
States,  that  at  Cumberland,  B.  I.,  is  the  most  extensive  and  valuable. 

Twelve  miles  from  the  city  of  Providence  and  three  miles  fix)m  Woon- 
socket  there  is  a  vast  mass  of  this  pre,  rising  many  feet  above  the 
level  of  the  surrounding  country,  known  as  "the  Cumberland  Iron 
Mountain."  This  mountain  is  a  homogeneous  mass  of  iron  ore,  and 
is  about  600  feet  long  by  150  feet  wide  by  104  feet  high,  or,  in  bulk, 
equal  to  about  1,000,000  tons  above  water-level,  while,  as  the  deposit 
shows  an  indefinite  extension  in  depth,  the  quantity  of  this  ore  may  be 
said  to  be  practically  inexhaustible.  Prof.  B.  H.  Thurston,  of  the 
Stevens  Institute,  Hoboken,  writes  of  this  mountain : 

The  deposit  is  of  immense  extent.  That  portion  of  it  lying  above  the  natural 
drainage,  and  which  may  be  obtained  by  "open  working'*  or  quarrying,  and  without 
expense  for  hoisting  or  pumping,  would  alone  supply  a  smelting  furnace  of  the  largest 
size  for  a  century.    The  quantity  below  ground  is  absolutely  incalculable. 

Mr.  J.  B.  Moorhead,  of  Philadelphia,  writes: 

I  have  visited  the  iron  hill  at  Cumberland,  R.  I.,  several  times.  There  can  be  no 
doubt  or  (luestion  as  to  the  quantity  or  supply  of  the  ore. 

From  the  nature  of  the  deposit  the  ore  lying  above  the  surface  is  not 
high  in  iron.  Analysis  shows  it  to  contain  from  33  per  cent,  to  40  per 
cent,  of  metallic  iron,  and  to  be  richer  at  the  foot  than  at  the  apex  of 
the  hill,  so  that  there  is  reason  to  conclude  that  there  is  better  ore  be- 
neath. Being  one  of  the  purest  ores  known,  it  is  especially  valuable 
for  the  manufacture  of  steel ;  and,  to  quote  Professor  Thurston  again — 

The  Cumberland  ore  is  perfectly  free  from  noxious  elements,  though  somewhat  re> 
fractory;  it  will  furnish  a  very  strong  iron  or  a  most  excellent  steel;  it  can  be 
smelted  within  the  State  at  a  profit ;  it  can  be  made  directly  into  steel  at  a  much 
greater  profit ;  steel  made  from  it  will  bring  the  highest  price  in  the  market. 

Experiments  recently  concluded  have  demonstrated  that  this  ore  can 
be  concentrated  to  50  or  55  per  cent,  of  metallic  iron  at  a  cost  of  about 
$1  per  ton  of  concentrate.  This,  with  the  other  items  of  cost,  wouUl 
make  the  total  cost  of  a  ton  of  65  per  cent,  concentrate  ore  about  $2  at 
the  mines.  Such  ore  is  now  selling  for  $8  per  ton  in  this  harbor  (New 
York). 

The  most  considerable  deposit  of  soft  or  hematite  ore  in  the  State  is 
at  Cranston,  5  miles  from  Providence.  Analysis  shows  it  to  be  a  rich 
ore  yielding  53.40  per  cent,  of  metallic  iron,  and  when  calcined  63.60 
per  cent. 

Limestone  of  excellent  quality  for  flux  is  abundant  and  conveniently 
located. 

The  history  of  the  manufacture  of  iron  in  Ehode  Island  is  not  with- 
out interest  in  this  connection : 

During  the  period  of  the  manufactnre  of  charcoal  iron  in  this  part  of  New  Eng- 
land, the  mixed  Cumberland  and  Cranston  ores  were  used  in  large  quantity.  At  in- 
tervals from  1703  to  1812  cannon  were  cast  from  iron  made  from  these  ores  nnder 
contract  with  the  Government  of  the  United  States.  The  cannon  metal  was  of  ex- 
cellent quality,  and  the  iron  from  these  ores  equal  to  the  best. 

The  chief  demand  for  the  Cumberland  ore  during  the  past  few  years 
has  been  from  Pennsylvania,  where  it  was  found  desirable  as  a  mixture 
with  native  ores,  because  of  the  greatly  increased  strength  it  imparts 
to  the  iron.    Mr,  Moorhead  states  that  they  have  used  about  2,000  tons 
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of  this  ore.  and  that  "  using  25  per  cent,  improved  the  quality  of  our 
iron  very- much." 

A  considerable  quantity  has  been  used  from  time  to  time  as  '^  puddle 
fix." 

With  the  successful  development  of  the  "Siemens  direct  process" 
in  this  country  a  new  and  immediate  use  for  the  Cumberland  ore  has 
arisen,  which,  because  of  the  great  adaptability  of  the  ore  to  this  process, 
and  the  very  advantageous  location  of  the  mines  for  the  manufacture 
and  marketing  of  the  steel,  promises  to  make  the  Cumberland  Iron 
Mountain  of  immense  value. 

In  1880  a  quantity  of  this  ore  was  sent  to  Tyrone,  Pa.,  to  be  worked 
by  the  "  direct  process "  in  the  then  only  furnace  of  the  kind  in  this 
country.  The  trial  was  very  satisfactory,  "  four  thousand  pounds  of 
Cumberland  ore  yielding  (without  flux)  1,600  pounds  of  good,  clean 
blooms."  These  blooms  can  be  worked  to  wrought  iron  of  great  excel- 
lence and  toughness  under  the  blacksmith's  hammer.  The  economic 
result  of  the  trial  was  also  satisfactory,  the  total  cost  of  a  ton  of  blooms 
produced  by  the  crude  apparatus  at  Tyrone  being  less  than  $30, 
and  proved  that  these  blooms  could  be  produced  in  Ehode  Island,  with 
an  improved  furnace  plant,  for  less  than  $20  per  ton.  As  these 
blooms  are  worth  from  $40  to  $60  per  ton  in  Few  England,  there  is  an 
ample  margin  for  profit,  or  a  still  larger  margin  by  working  them  into 
ingot,  which  can  be  douB  at  a  cost  of  less  than  $40  per  ton  of  ingot 
steel. 

In  writing  of  this  trial  of  the  Cumberland  ore  at  Tyrone,  Mr.  E.  J. 
Anderson,  the  owner  of  the  furnace,  and  to  whom  we  are  indebted  for 
the  successful  development  of  the  "direct  process"  in  this  country, 
says : 

I  can  safoly  sav  that  the  ore  [Cnmberland]  worked  and  yielded  well,  and  makes 
an  iron  suitable  for  making  open-hearth  steel,  lower  than  can  be  made  by  any  other 
process,  and  I  should  say  that,  had  I  an  interest  in  such  ore,  I  would  erect  rotator 
furnaces  at  once. 

As  related  to  this  subject,  and  as  showing  the  resources  of  this  sec- 
tion, a  few  words  may  be  said  regarding  native  fuel,  the  above  figures 
of  cost  of  blooms,  however,  being  based  upon  the  use  of  Pennsylvania 
coal. 

Information  concerning  the  Rhode  Island  and  Massachusetts  coal 
field  is  not  widely  disseminated,  although  the  development  of  this  field 
and  the  consumption  of  its  coal  are  among  the  great  probabilities  of 
the  future. 

Though  some  400  square  miles  in  extent,  this  field  has  as  yet  been 
worked  in  only  one  or  two  places ;  that  at  Portsmouth,  on  the  island  of 
Newport,  being  the  only  place  of  importance  at  this  time.  From  this 
mine  something  over  half  a  million  tons  of  good  coal  have  been  taken.* 
The  main  slope  of  this  mine  is  over  1,500  feet  in  length.  The  coal  from 
this  mine  has  been  used  principally  for  smelting  copper  ore. 

Mr.  Samuel  L.  Crocker,  of  Taunton,  Mass.,  the  producer  and  con- 
sumer of  this  Coal,  writes : 

For  the  last  twelve  years,  since  the  present  proprietors  have  been  operating  the 
Portamonth  mine,  I  have  used  in  the  various  manufacturing  establishments  in  which 
I  am  interested  about  10,000  tons  annually,  besides  using  it  for  domestic  pur- 
poses, and  have  come  to  the  conclusion  that  for  making  steam,  and  for  all  other  ordi- 
nary purposes  where  anthracite  coal  is  used,  it  is  quite  equal  to  the  average  of  Penn- 
sylvania coal.  For  smelting  of  copper  and  iron  ores  it  is  much  better  than  any  min- 
eral coal  now  known. 


*  Williams'  *'  Mineral  Kcsources"  (Report  Geological  Survey  for  188Ii-1884)  give  an 
annual  production  of  10,000  tons  for  last  five  years.     (Chairmau.) 
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Mr.  A.  Tower,  president  of  the  Ponghkeepsie  Iron  Company,  writes 
as  follows: 

I  aeed  several  cargoes  of  the  Rhode  Island  coal  in  the  blast  famace,  mixed  with 
other  coal,  hi  1867,  and  foand  no  difficalty  in  working  it.  In  charring  the  furnace 
I  left  off  some  Pittston,  and  snbstitnted  some  «f  the  Rhode  Island.  The  change  made 
little  or  no  difference  in  quantity  or  quality  of  iron  made. 

Some  years  ago  the  late  Mr.  M.  C.  Carey,  of  Philadelphia,  reported,  after  a  seiiea 
of  experiments  in  a  pretty  large  way,  that  the  Rhode  Island  coal  evaporated  aa  much 
water  per  ton  as  the  best  Pennsylvania. 

The  best  Portsmonth  anthracite  contains  90  per  cent,  of  carbon.  It  is  a  red-aab 
coal,  burning  with  great  freedom,  and  a  fuller  blaze  when  once  kindled  than  any  other 
anthracite. 

It  is  a  very  pare  coal,  being  practically  free  from  salphar  and  phoa- 
pborus. 

Becently  this  mine,  together  with  others  in  the  vicinity,  has  been 
taken  up  by  parties  well  able  to  develop  and  work  them  to  their  fall 
capacity,  so  that  a  sofflcient  snpply  of  this  coal  for  blast-famace  par- 
poses  is  to  be  relied  upon. 

Explorations  are  also  being  carried  on  at  this  time  in  other  portions 
of  the  Rhode  Island  and  Massachusetts  coal  field  which  are  likely  to 
lead  to  the  discovery  of  large  and  valuable  beds. 

With  the  facts  stated  in  this  paper  readily  susceptible  of  proof,  show- 
ing a  proximity  of  ore,  fuel,  and  finx,  on  tide  water,  in  the  midst  of  a  large 
and  increasing  consum'ptivedemand  for  pig-metal — a  conjunction  of  natu- 
ral advantages  not  elsewhere  found  as  yet  in  this  country — it  would  seem 
that  only  the  judicious  investment  of  capital  in  the  means  of  prodacing 
and  bringing  together  these  materials  in  furnace  is  needed  to  make  this 
tide-water  locality  one  of  great  activity  and  profit  in  the  manufacture  of 
iron  and  steel,  and  one  where  they  can  be  profitably  produced  when 
<* protection"  snal]  have  ceased  and  '^free  trade"  been  inaugurated. 

The  modern  high-stack  hot- blast  fbmace  run  at  high  heats  renders 
it  practicable  to  use  ores  refractory  in  their  nature,  and  with  such  a 
furnace  located  on  the  shore  of  Narragansett  Bay  pig-iron  of  a  superior 
quality  could  be  produced  at  a  total  cost  of  less  than  $15  per  ton.  This 
cost  would  yield  at  present  prices  from  $6  to  $8  per  ton  net  profit. 

Taking  the  cost  of  a  complete  furnace  plant  as  $250,000  and  its 
capacity  as  30,000  tons  per  annum,  the  investment  would  yield  over  50 
per  cent.  It  is  proposed  to  erect  such  a  famace  this  season,  and  the 
site  has  already  been  selected. 

The  ability  to  obtain  at  low  cost  rich  foreign  or  native  ores  to  mix 
with  the  Cumberland,  if  found  desirable,  and  Pennsylvania  coke  to  mix 
with  the  Bhode  Island  coal,  as  also  the  development  of  the  modern 
blast-furnace  practice,  are  among  the  new  features  which  give  this 
enterprise  its  present  attractiveness. 

Given  cheap  and  pure  pig-metal,  there  is  no  place  in  the  United 
States  offering  so  many  advantages  for  the  establishment  on  a  large 
scale  of  steel  works,  iron-ship-building  yards,  and  a  national  gnu 
foundry  as  the  locality  described  in  this  paper. 

M.  STANDISH. 

128  Broadway,  New  York  City, 

January^  1885. 
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AB8EHAL  FOE  HAVT-TAED  AVD  GUV  FOTOBET. 

In  answer  to  qneBtions  sent  by  Senator  Morgan,  the  following  replies 
were  received  from  O.  A.  Holt,  agent  of  the  Insurance  Dompany  of  North 
America;  fiichard  Sheridan,  jr.,  harbor  master;  D.  W.  Langdon,  jr.; 
Henry  Fond^,  secretary  Land  aud  Development  Company ;  A.  C.  ban- 
ner, president  Mobile  Coal  Company,  and  H.  AnstiU,  all  oC  Mobile, 
Alabama: 

-  Senator  Morgan.  What  is  the  depth  of  water  in  the  channel  recently 
dug  in  the  bay  of  Mobile  to  the  lower  anchorage,  and  what  is  the 
width  of  that  channel  t 

Mr.  Holt.  The  depth  of  water  in  the  newly*dredged  channel  availa- 
ble for  practical  purposes  during  the  winter  season  is  16  feet,  while  in 
the  spring  and  summer  it  is  17  feet.  The  width  of  said  channel  is  about 
115  feet. 

Mr.  Shebidan.  The  depth  of  water  in  the  dreftged  channel  is  from  16^ 
to  22  feet.  The  width  of  said  channel  is  not  less  than  140  feet,  and  va- 
ries from  that  to  245  feet. 

Mr.  Fond*.  The  average  depth  of  the  channel  recently  dug  through 
Mobile  Bay  is  conceded  to  be  16  feet  at  mean  low  tide,  and  from  17  to 
18  feet  at  good  tide.    Do  not  know  the  width. 

Mr.  Danneb.  Practical  depth  about  16  feet  at  low  water,  width  about 
10«»feet,  I  believe. 

Mr;  AusTiLL.  The  channel  is  about  16}  feet  deep  and  100  feet  wide. 

Senator  Moboan.  What  is  the  tonnage,  when  loaded,  of  the  largest 
ship  that  has  passed  through  that  channel  since  August,  1885 ;  how 
many  tons  of  freight  did  it  take  out  to  sea,  and  was  it  carried  through 
the  channel  without  difficulty  Y 

Mr.  Holt.  The  following  are  the  tonnages  of  the  largest  vessels  that 
have  passed  up  and  down  said  channel  since  August  1885,  and  were 
carried  through  said  channel  without  detention,  viz:  1,217,1,220,1,218, 
1^193, 1,152,  889.  Draught  of  water,  after  loading  part  of  cargo  at  the 
city  docks,  averaged  about  16  feet. 

Mr.  Shebidam.  The  largest  tonnage  that  has  passed  through  this 
channel  since  August,  1885,  is  as  follows:  1,061,  1,189,  1,076,  1,227, 
1^135,  1,217,  1,210,  1,079,  1,346,  1,004,  1,152,  though  previous  to  that 
time  ships  from  1,400  to  1,600  have  passed  through  said  channel. 
These  vessels  drew,  when  going  down  channel,  from  15^  to  16  feet  of 
water,  and  passed  through  said  channel  without  detention. 

Senator  Mobgan.  Wbat  is  the  distance  by  the  Alabama  Biver  from 
Mobile  to  Mount  Vernon  Arsenal f  What  is  the  depth  of  the  shallow- 
est part  of  the  channel  of  the  river  between  those  two  points  f  What  is 
the  average  width  of  navigable  water  in  the  Alabama  River  between 
Mobile  and  Mount  Vernon  Arsenal  Y 

Mr.  Holt.  The  distance  from  Mobile  to  Mount  Vernon,  by  the  Mobile 
Biver,  is  about  50  miles;  the  depth  of  water  to  said  point  runs  from  14 
feet  6  inches  to  64  feet;  the  average  width  is  from  250  to  300  feet. 

Mr.  Shsbipan.  The  distance  from  Mobile  to  Mount  Vernon,  on  the 
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Mobile  Hirer,  is  from  45  to  50  miles,  and  is  navigable  for  deepdranght 
ships.    I  cannot  answer  of  my  own  knowledge  the  other  qnestion.' 

Mr.  Fom)±.  The  distance  from  Mobile  to  Mount  Vernon  Landing  is 
45  miles.  The  United  States  Arsenal  and  reservation  is  some  3  miles 
distant  from  the  lauding.  Do  not  know  the  depth  of  shallowest  place 
in  the  river  channel  between  Mobile  and  the  above  point.  With  the 
exception  of  a  few  lamps  just  above  the  city  the  average  depth  of  chan- 
nel is  between  30  and  50  feet ;  width  between  300  to  400  feet 

Mr.  Dannbb.  Mount  Vernon,  not  on  the  Alabama  Eiver,  but  on 
Mobile  River,  is  about  45  miles  above  Mobile,  and  5  miles  below  the  point 
where  the  Tombigbee  and  Alabama  Bivers  run  together  and  form  the 
Mobile  Eiver.  I  am  informed  by  one  of  the  best  of  the  river  pilots  that 
in  no  place  in  the  river  between  Mobile  and  Mount  Vernon  is  there  a 
depth  of  less  than  18  feet ;  that  for  the  most  of  the  distance  the  depth 
is  great— from  60  feet  and  up;  average  width  about  300  feet. 

Mr.  AusTLLL.  Mount  Vernon  is  about  45  miles  by  water  from  Mobile. 
The  landing  for  the  post  is  about  5  miles  below  the  junction  of  the  Ala- 
bama and  Bigby  Bivers.  The  Mobile  Biver  is  very  deep  and  several 
hundred  miles  wide  from  Mount  Vernon  to  the  city. 

Senator  MoBaAiY.  What  is  about  the  area  of  grounds  owned  by  the 
United  States  at  Mount  Vernon  Arsenal  t  What  the  average  elevation 
of  these  grounds  above  the  river  at  high  water  and  at  low  water  t  Im- 
mediately at  or  near  the  shore,  how  high  is  the  rise  of  the  ground  above 
h  igh  and  low  water  in  the  river  t  What  is  the  nature  of  the  soil,  whether 
clay,  sand,  gravel,  or  marsh  Y  Is  it  a  plain,  or  is  it  undulating  f  What 
sort  of  natural  drainage  has  it !  How  is  it  supplied  with  water  t  What 
is  the  cbaracterof  the' forests  f  What  sort  of  country  surrounds  the 
arsenal  tract!  and  how  is  it  timbered  and  watered!  State  whether  Meant 
Vernon  Arsenal  and  the  surrounding  country  are  healthy  and  pleasant 
or  otherwise  f  Please  to  give  your  views  as  to  the  fitness  of  MMnt 
Vernon  Arsenal  for  a  ship-yard  for  the  construction  of  steel,  iron,  or 
wooden  ships,  and  as  a  location  for  a  foundry  for  casting  or  building 
heavy  guns ;  and  state  any  facts  within  your  knowledge  that  will  tend 
to  support  your  opinions. 

Mr.  Holt.  Can't  answer  from  personal  knowledge  as  to  elevation  of 
grounds  and  surroundings  at  Mount  Vernon.  The  country  is  extremely 
siilubiious  and  healthy,  and  abundantly  supplied  with  the  purest  of 
spring  and  creek  water. 

As  a  site  for  the  location  of  a  navy-yard  it  has  superior  advantages 
over  any  other  point  on  the  Gulf  coast,  being  contiguous  to  the  great 
coal  and  iron  fields  of  the  State,  besides  its  proximity  to  the  forests  of 
woods  of  the  greatest  variety';  and,  being  entirely  removed  from  the 
possibility  of  an  attack  by  an^  enemy  from  sea  renders  it  easy  of  de- 
fense. 

Mr  Langdon.  The  soil  is  sandy,  and  generally  has  a  clay  subsoil. 
The  surface  of  the  surrounding  country  is  rather  level,  but  is  slightly 
undulating  in  places.  The  forests  are  mainly  long-leaf  yellow  pine,  but 
the  river  swamp,  for  miles  above,  affords  oak  of  various  species;  also, 
ash,  walnut,  hickory,  and  other  hard  woods.  The  country  surrounding 
the  arsenal  is  rather  barren,  and  is  what  is  known  as  piney- woods  coun- 
try. The  country  is  generally  watered  with  clear,  pure  water,  contain- 
ing no  mineral  matter  that  would  be  deleterious  to  health  or  unfit  it  for 
steam  purposes.  At  a  depth  from  20  to  30,  or  in  extreme  cases  40,  feet 
inexhaustible  streams  are  found  to  supply  wells. 

Mount  Vernon  presents  many  recommendations  as  a  naval  station 
(provided,  of  course,  that  the  channel  of  the  bay  is  so  deepened  and 
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indened  to  permit  of  the  passage  in  and  out  of  vessels  of  heavy  ton- 
nage). 

The  extensive  coal  and  iron  fields,  drained  by  the  Oafaawba  Eiver,  can 
by  a  very  short  road  be  placed  in  connection  with  the  Alabama  Biver. 
By  the  bailding  of  this  road  coal  conld  be  delivered  at  $2.50  per  ton, 
and  iron  at  a  correspondingly  cheap  rate. 

Mr.  Fond£.  The  United  States  Government  has  a  reservation  at 
Meant  Vernon  of  some  320  acres.  The  arsenal  grounds  must  be  at 
least  200  feet  J^bove  the  river  at  ordinary  water.  The  shore  at  Mount 
Vernon  landing  is  some  15  or  20  feet  above  mean  high  water;  no 
freshets  ever  overflow  the  bank  there.  The  soil  in  the  vicinity  is  a 
sandy  loam  with  clay  subsoil ;  best  possible  natural  drainage.  The 
reservation  is  surrounde<l  by  an  inexhaustible  forest  of  long-leaf  pine. 
Hummock  lands  of  the  river  are  heavily  timbered  with  white  oak, 
hickory,  cypress,  and  other  woods  specially  adapted  for  shipbuilding. 
The  Government  records  are  the  best  evidence  of  Mount  Vernon^s 
health  record ;  it  can't  be  excelled  anywhere.  The  water  is  clean,  pure 
spring,  and  free  from  mineral  or  vegetable  matter. 

Mr.  DANNER.  I  don't  know  how  much  ground  is  covered  by  the 
Government  reservation.  I  judge  the  elevation  on  the  bank  of  the 
river  to  be  from  60  to  75  feet  above  high  water,  running  back  to  an  ele- 
vation of  perhaps  150  feet;  soil  is  sand  and  gravel,  with  clay  subsoil; 
surface  somewhat  undulating,  with  fine  natural  drainage,  supplied  with 
water  by  wells  and  springs. »  Forests  of  long  leaf  yellow  pine,  with  live 
oak,  water  oak,  white  oak,  ash,  and  black-jack,  are  scattered  about  the 
country.  There  is  a  fine  timber  and  farming  country  around,  well 
watered,  climate  very  healthy,  without  the  extremes  of  heat  or  cold.  I 
have  long  considered  Mount  Vernon  as  the  most  eligible  point  for  a 
Government  ship-yard  and  gun  foundry  in  the  Gulf  States,  and  came 
to  this  conclusion  after  I  became  acquainted  with  other  points  that 
have  been  mentioned  in  this  connection.  I  cannot  undertake  to  give  an 
account  of  all  of  the  advantages  possessed  by  Mount  Vernon  for  this 
purpose;  but  will  allude  to  some:  The  comparative  ease  with  which  it 
could  be  defended  in  the  event  of  war ;  the  accessibility  of  it  from  the 
sea  through  Mobile  Bay ;  the  purity  of  the  water,  free  from  salt ;  its 
healthfulness ;  but  above  all  the  fact  that  it  is  possible  to  place  there 
any  quantity  of  iron  and  coal  at  prices  perhaps  lower  than  these  neces- 
sary articles  can  be  placed  at  any  other  point  suitable  for  the  purposes 
of  a  navy-yard.  A  railroad  is  now  projected  that  will  pass  direct  from 
the  neighborhood  of  Mount  Vernon  to  the  coal  fields  of  Alabama ;  but 
in  addition  to  this  means  of  transportation  it  will  be  but  a  few  years 
until  fleets  of  coal  barges  will  pass  Mount  Vernon  on  the  way  to  the 
Gulf.  Then  coal  can  be  furnished  there  at  a  cost  of  about  $1.50  per  ton, 
and  pig-iron  at  from  $12  to  $14  per  ton.  These  and  the  necessary  wood 
for  all  the  purposes  of  manufacturing  can  be  delivered  there  at  a  min- 
imum cost  and  free  from  exposure  to  the  sea,  or  risk  of  interference  by 
the  vessels  of  an  enemy  in  event  of  war.  New  Orleans,  Mobile,  and 
Pensacola  might  fall  into  the  hands  of  an  enemy  with  a  navy  strong 
enough  to  capture  them,  and  Mount  Vernon  be  defended  by  land  forces 
beyond  possibility  of  capture. 

Mr.  AusTLLL.  I  don't  know  how  much  land  the  Government  owns 
about  the  post,  but  land  there  is  very  cheap,  and  as  much  could  be  pur- 
chased as  may  be  wanted.  The  soil  is  sandy  and  gravelly,  and  is  not 
suitable  for  agricultural  ])nrpose8.  The  post  stands  back  about  a  mile, 
perhaps  less,  from  the  river.  The  open  piney  wooils  extend  to  the  river, 
where  the  lauding  is  situated.    The  bank  is  high — never  overflows— ana 
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there  is  a  gradual  ascent  Irom  the  laoding  to  Mount  Yemon.  There 
are  a  namber  of  springs  in  the  vicinity  of  pure,  freestone  water.  The 
tract  is  sarroanded  bj  pine  timber,  very  little  oak,  and  some  hickory. 
The  location  is  perfectly  healthy.  It  is  well  known  that  even  yellow 
fever  will  not  spread  in  tbe  piuey  woods.  My  home  is  at  Spring  Hill, 
a  village  only  7  miles  from  the  city,  and  yet  the  place  is  never  vis- 
ited  by  an  epidemic,  thongh  persons  sojourn  there  in  nnmbers  when 
there  is  sickness  in  the  city.  As  a  location  for  building  ships  of  wood 
or  iron,  and  for  casting  guns,  there  could  not  be  found  near  the  Onlf 
coast  a  point  possessing  more  natural  advantages.  The  Coosa,  Talla- 
poosa, Black  Warrior,  Little  Bigby,  and  Sipsey  Rivers,  coming  together 
at  different  points^U  flow  into  the  Mobile  Biver  only  a  few  miles  above 
Mount  Yemon.  Woods  of  all  kinds,  suitable  for  ship-building,  grow 
along  these  streams  in  inexhaustible  quantities.  Coal  and  iron  will 
soon  come  down  them  in  barges,  and  could  be  delivered  there  for  less 
than  at  any  other  point  suitable  for  such  work.  There  is  a  large,  deep 
lake  opening  into  the  river  in  the  immediate  vicinity,  where  docks  of 
any  capacity  could  be  built. 

Yessels  of  any  draught  could  be  built  there,  and,  if  necessary,  could  be 
floated  over  the  shoal  water  in  the  upper  part  of  Mobile  Bay  to  deep 
water. 

At  the  mouth  of  Mobile  Biver  a  harbor  can  be  easily  made  of  30 
feet  draught,  or  deeper  if  desired,  and  no  doubt  the  tide  of  commerce 
that  will  soon  turn  this  way  toward  South  America  and  the  Pacific 
country,  via  one  or  both  the  commercial  highways  across  the  Penin- 
sula, will  require  the  establishment  of  such  a  harbor. 

The  mouth  of  our  bay  can  be  reached  from  Mount  Yernon  by  rail  in 
three  hours,  and  by  water  in  six  or  seven.  Mount  Yernon  would  be 
safe  from  an  attack  by  deep  seagoing  ships  with  long-range  guns,  and 
yet  would  be  near  enough  to  the  seacoast  for  all  practical  purposes. 

<'  The  Gulf  of  Mexico  will  soon  be  the  greatest  receptacle  of  the 
world's  commerce,''  and  the  Government  will,  no  doubt,  find  it  neces- 
sary to  establish  somewhere  a  strong  arsenal  and  ship-yard.  Nature 
points  to  Mount  Yernon  as  tbe  spot  for  such  location. 
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West  Point  Foundry  Association 456 

Alacrity,  dispatch  vessel 112 
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Birds-£ye  View  of  Production  and  Importation  of  Iron  ores.    By  James  M. 

Swank 24l0<Mg. 
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Btown,  John,  &  Co.  (Sheffield) 16,46,316,319,321 

Annorfor  Miantonomoh 36 
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Statement  of  saperintendent  of i 293 
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Gibbons,  William  G.,  president  Puse^r  &  Jones  Company,  statement  of 397 
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Government,  co-operation  with 345 
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Eapid-firing 30 

Hotchkiss Ill  13 

Nordenlelt 11,13 

Gunboats — 

Composite 116 

Unarmored 104,108 

Gun-carriages— 

For  new  cruisers 138 

Gravity  return,  manufactured  at  Washington-navy  yard 90 

Vavaaseur 11 

49^  O  B 32 
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Gnn-fftbricating  plant  at  Washington  xlayy-yard 138 

Gun  factoiries-7 

Boargea 191,122 

Pnteanx 121,122 

Spandaa 123 

Tarbe« 121,122 

Ruelle 121,122 

Neveni 121 

Annaal  expenses  of  operating 131 

Best  locations  for 128 

Establishment  of 6 

Plans  and  estimates  for 129 

Private  finns  (France)  having  plants 122 

Total  cost  of 130 

Gun  Foundi7  Board — 

CouclasioDsof 126  0l<eg. 

Conclnsious  of,  generally  approved  by  steel  roanufaoturers 23Q 

Extracts  from  report  of 23,34,35,37,38,39,40,119 

Extract  from  report  of  naval  committee  of 131 

Extracts  from  supplementary  report  of 129 

Has  followed  best  European  authorities 231 

Reference  to 287,292,305,331,339,341,349,350,456 

Report  of *      4,42 

Gun  material  should  be  supplied  by  private  manufacturers 130 

Gun  steel — 

Cost  of 307 

Treatment  of 288,350,351,442 

Gun  tools,  modem,  none  in  use  in  United  States,  except  at  Washington  navy- 
yard 132,327 

Gun  and  torpedo  vessels 114 

Gun-vessels,  unarmored 108,110,112,114,116 

Hadfield  manganese  steel 360 

Hammer,  steam — 

100-tou,all  parts  of,  could  be  made  in  United  States 287,308,342 

100-ton  Schneider 47 

Capacity  of  Midvale 329 

Experience  with 338 

In  Pittsburgh 319 

Largest  in  United  States 466 

Handy,  special  service  vessel 112 

Harlan  dt  Hollingsworth  Company 394 

Capacity  to  build  ships,  engiues,  and  boilers 394 

Harris,  Hon.  B.  W.,  member  of  Congress,  report  of 3 

Harris :  Report  on  coustruction  of  vessels  of  war  for  the  Navy 3 

Hawluy,  Hon.  Joseph  R.,  chairman  subcommittee 25 

Hawthorn,  R.  &  W 15 

Heat,  <levelopedin  armor  triiUs.... , 25 

Heavy  guns : 

Essential  elements  of  a  vigorous  delense 145 

Of  1884,  by  Colonel  Maitland,  R.  A 4 

Heavy  ordnance : 

Capabilities  of  private  firms  to  manuftujture  for  British  service 6 

For  national  defense.    By  Lieut.  W.  H.  Jaques,  U.  8.  N 6 

Report  on,  Hon.  William  S.  Roseorans,  chairman 5 

Hematites 266 

HerOj  armored  turret 13,114 

Heroine,  protected  sloop 104 

Herreshoif  torpedo-boats 173,183 

Hichborn,  Naval  Constructor  P.,  U.  S.  N.    Report  on  European  dock-yards..  7 

Hoffstot,  F,  N.,  secretai^  Pittsburgh  Steel  Casting  Company 366 

Holt,C.A.,  statement  of ^ 481 

Holtser,  Jacob,  &  Co.,  Unieux  (Loire) 121 

Hoop- 
Drawing  (Whitworth  hydraulic  forging-press) 21 

Enlarging  (Whitworth  forging-press) 22 

Comparison  of  rolled  and  hanuneied 390 

Rolling 330 

Hooven,  John,&  Son 337 

Hotchluss,B.B.,  statement  of 442 
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Hotohkiss  rapid-firing  gans 11, 30, 444 

Hotcbkiss  revolving  cannon 6,12,13 

Howe,  armored  barbette 110 

Howell,  Capt.  J.  A.,  U.  S.  N.,  addressed  by  Torpedo  Board 151 

Howell  antomatic  torpedo 153  etaeg.,  171, 172, 173,174 

Charactoritttics  of Ib3,l69 

Fly-wheel  and  shaft-gearing 161 

Cost  of 157 

Latest  trials  of 169 

Launching  apparatus 162 

Manufactured  at  Washington  navy-yard , 138 

Only  one  justifying  expenditure  for  purchase  and  experiment 163 

Hulls  of  British  ships,  cost  of 105  et  seq. 

Hunt,  William  P. ,  president  South  Boston  Iron  Works 447 

Hunt,  Robert  W.,  superintendent  Albany  and  Rensselaer  Iron  and  Steel  Works.  281 

Hussey,  Howe  d^  Co 316,319 

Hyacinth,  protected  sloop 104 

Hydraulic  forging 349,443 

Hydraulic  forging-press 15,16,20,24 

Best  manner  of  forging  steel 330 

Cost  of 330 

Kerommended  by  Gun  Foundry  Board 127 

Time  of  construction 330 

Whitworth 21,22,23 

Hydraulic  machinery 15,371 

Icarus,  unarmored  gun- vessel 114 

Imogene,  special  service  vessel 114 

Im])erieuse,  armored  barbette 106 

Importing  material,  reasons  for 238,287.306,318,339,341,350,451 

Information  from  abroad.    Office  Naval  Intelligence,  Navy  Department 5 

In^ot,  drawing  (Whitworth  forging-press) 20 

Ingots  for  armor,  how  cast 47 

Institute  of  Mining  Engineers,  transactions  of 3 

Ireland,  paddle-steamer,  shafting  for 18,23 

Ii-oo — 

American  niles  for  qualify  of,  for  ships 376 

English  rules  for  quality  of,  for  ships 376 

Analysis  of 354 

Iron  ordnance 361 

Iron-ore  fields  in  the  United  States,  new  and  old 248 

Iron  ore- 
Imports  of 243 

Production  of,  1883,1884 246 

United  States  can  produce  ail  required 261 

Analyses  of 251  eiseq.fSlsi 

Iron  ship-building  in  the  United  States... 234 

In»n  ships,  progress  made  in  last  14  years 418 

Iron  and  Steel  Works  Association  of  Virginia,  letter  from 363 

Inm  and  stei'l  works  of  United  States,  directory  of 4 

Iron  in  all  ages,  by  James  M.  Swank 5 

Iron  ores,  by  A.A.Blair 4 

Irwin,  John,  ir.,  treasurer  Pittsburgh  Steel  Casting  Company 368 

Ismay,  Tbos.  H.,  member  British  Committee  on  Building  and  Repairing  Ships.  54 

Iznoskof  Steel  Works  (Russia) 126 

Jaques,  Lieut.  W.  H.,  U.S.N.— 

Accompanied  subcommittee  te  naval  ordnance  proving  ground 30 

Member  and  secretary  Gun-Foundry  Board 40, 131, 132 

Paper  on  Ericsson's  Destroyer  and  submarine  pin 6 

Work  on  establishment  of  steel-gun  factories  m  United  States 5 

Paper  on  heavy  ordnance  for  national  defense 6 

Paper  on  modern  armor 6,193  eiteg 

Paper  on  naval  torpedo  warfare 147 

Secretary  te  committee 25 

Visit  to  England 11 

Kama  Steelworks  (Russia) 125 

Kev  West  Naval  Station,  Florida,  sufficient  plant  te  make  ordinary  repairs  .  136 

Kolokoitzoff,  Admiral,  administrator  of  Abonkhoff  steel  works  and  gun  fao^ 
tory 124 
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Krnpp,  Fri«d— 

Egtablishment  of,  snppliea  largest  part  of  Gennan  annament 123 

Establishment  sappUed  Russia  witn  gans 1*^ 

Kmpp  liamnier 464,466 

Kropp ''washer" 277,388 

Knipp's  Works.  Essen ^^6 

Lake  Champlam  District 221 

Lake  Ghamplain  ores 281 

Lake  Superior  District 221 

Lambom,  Robt.  H.,  statement  of 311 

Landrail,  unarmored  gun  and  torpedo  vessel 114 

Langdon,  D.W.,  jr.,  statement  of. .. .- 481 

Lay-Haigbt  torpedo 149, 153  s«  ssg. 

Cost  of 157 

League  Island  navv  yard,  Pa.— 

Condition  of  plant : 134 

Reeommendations  in  regfud  to 139 

Leander.  partially  protected  steam  cruiser , 104 

Lepanto's  armor,  contract  for 210 

Lightning,  torpedo-boat  (English) 181,182 

Limestone,  examinations  of 273 

Limestone  in  California 425 

Limonites 266 

Linden  Steel  Company 316,319,323 

Liquid  compression 302,317,330,340,349,442,453 

Location — 

Best  for  Goyemment  foundry 120 

Best  for  gun  factories 128 

Best  for  manufacture  of  guns,  engines,  and  ships 34 

Best  for  production  of  giins,  armor,  and  war  ships 287, 306, 339, 341, 350, 

359, 363, 368, 372,  :i86y  3«9, 391,  :^95, 396, 398, 399, 401, 435, 4;{8, 456, 480 

Logan,  Senator  John  A.,  chairman  of  Ordnancp  Committee 4 

Luce,  Commodore  S.  B.,  presulent  Navy  Yard  Commission 3 

Machinery — 

In  navy  yards,  alar^epart  obsolete , 136 

Marine  steam,  conditions  of  proposals  (England) 82 

Mackinlay,  M^for  G.,  R.  A.— 

Work  on  mild  steel 5 

Mackintosh,  Hemphill  &  Co 316 

Maitland,  Col.  E.,  R.  A,— 

Work  on  heavy  guns  of  1884 4 

Malster,  Wm.  T. ,  president  Columbian  Iron  Works,  statement  of 367 

Manchester  (WhitworthA  Co.) 15,16,23 

Mare  Island  navy  yard,  California— 

Condition  of  plant 133 

Recommendations  in  regard  to 199 

Marine  engines,  outline  specification  for  the  construction  of  (British  Admi- 
ralty)   64 

Mariner,  unarmored  gun  vessel 110 

MarTelft^res,rivredeGier  (Loire),  France 121,122 

Manufacture  compound  armor 46 

Marshall,  Mr.  (Hawthorn's) 15 

Material  for  guns  should  be  supplied  by  private  manufacturers 130 

Matthews,  Capt.  E.  O.,  U.  S.  N.,  member  Gun-Foundry  Board 40,131,139 

Melita,  unarmored  gun  vessel ^  112 

Merchant  marine — 

Benefit  of,  in  case  of  war 419 

Present  condition  of 419 

Mersev,  protected  cruiser m- 13,112 

Metallurgy  of  Iron,  by  Lieutenant  Chase,  U.  S.  A , 3 

Metcalf,  Mr.,  statement  of 315 

Meteor,  special-service  vessel 110 

Method,  best,  for  supply  of  armor,  engines,  guns,  and  war  ships  . .  .34, 37, 40, 120, 123, 
129, 130, 231, 2&,  287, 305, 331, 339, 341, 350, 365, 368, 371,  SK^,  388. 390, 393, 394, 396, 

397, 399, 400, 435, 438, 455, 456, 459 

Miautonomah,  armor  for 36 

Miohaelis,  Capt.  C.  E.,  Ordnance  Department,  U.  S.  A.,  letter  ftom  L.  S. 
Bent  in  regard  to  cast-steel  guns 352 
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IfidTale  Steel  Company 36,325 

Capacity  of  works 325 

Inqoiriee  received  from 36 

Beply  to  drcalar  letter  (armor) 43,44 

ReplTof  Naval  Advisory  Board  to  (armor) 45 

Would  contract  to  furnish  material  or  finish  guns 333 

Mild  steel- 
Applied  to  naval  and  military  porposea,  by  M^jor  Mackinlay,  B.  A 5 

For  new  emisers,  report  of  the  Naval  Advisory  Board  on 5 

Miller,  Metcalf  &  Parkin 315,316 

Mineral  resources  of  the  United  States  for  1883-^84,  by  Albert  Williams,  Jr . .  5, 423 
Mines — 

Austrian  system  of 178 

Submarine,  functions  of 145 

Mining  machinery 430 

Mistletoe,  unarmored  gunboat : 108 

Modem  armor  for  national  defense,  by  Lieut.  W.  H.  Jaques,  U.  S.  Navy 193 

Monitors —  « 

United  States 212 

Description  of  the  four  unfinished 408 

Suggestions  for  completing 212 

Morgan,  Senator  John  T.,  chairman  subcommittee 30, 31 

Morgan,  Mr.  Joseph,  jr.,  statement  of 293 

Morris,  W.  H.,  treasurer  Pottstown  Iron  Company 359 

Mount  Vernon  Arsenal,  advantages  of,  for  navy-yard  and  gun- foundry 481 

Movable  lorpedoes 145 

Musket,  Folger  high-power 31 

Nashua  Iron  and  Steel  Company 409 

No  reply  to  circuJar  letter  (armor) 43 

Native  ores,  quality  of 318 

Natural  ffas 290,307,320,342,352,455,477 

Naval  Aavisory  Board— 

Correspondence  of,  relative  to  armor 42 

Recommendations  of,  for  torpedo-boats  and  torpedoes 149, 150 

Naval  attach^,  importance  of 25 

Naval  expenditure  in  England 418 

Naval  ordnance  proving  ground — 

Uniavorable  location  of 30 

Visit  of  subcommittee  to 30 

Naval  ordnance,  recommendations  of  chief  of,  in  relation  to  torpedoes  and 

torpedo-boats 149, 150 

Naval  torpedo  warfare,  by  Lieut.  W.  H.  Jaques,  U.  S.  N 147 

Navy — 

Appropriations  for  a  new 4 143,144 

British,  ships  built  and  Imi Id inff  for,  1880-^85 103 

Reconstruction  and  increase  of,  by  Ensign  W.  I.  Chambers,  U.  S.  N 6 

Report  of  the  Secretary  of  the,  ld33 3 

Report  of  the  Secretary  of  the,  1884 4 

Statement  of  the  Secretary  of  the 33 

The,  and  its  prospects  of  rehabilitation,  by  Rear-Admiral  E.  Simpson,  U. 

S.N 6 

What  has  been  done  for  a  new,  by  Rear- Admiral  Simpson,  United  Statec 

Navy 143 

Nayy-yards— 

Character  and  sufficiency  of  machinery  in... 34,36 

Cost  of  construction  and  repair  in 4I 

Cost  of  improvements .1 

Cost  of  sites 1 

Cost  of  vessels  built  in 2 

Machinery,  large  part  of,  obsolete 136 

Present  value  of  improvements 141 

Present  value  of  machinery  in 141 

Present  value  of  sites 141 

Reforms  in 41 

Report  of  commission  on 4 

Navy-yard  Commission- 
Extract  from  memorandum  of '. 139 

Reference  to  report  of 36,133 

Report  of 42 

B.  Bep.  90. 33 
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N»y1or  dc^  Co.,  no  reply  to  circular  letter  (armor) 43 

Neafie,  Jaoob  G.,  Btatement  of 396 

Neafle  &  Levy  rPenn  Works) 396 

Capacity  oi  works  to  build  ships,  engines,  and  boUers 396 

Nevers'gTin-factory 121 

Newark  Steel  Works,  no  reply  to  circnlar  letter  (armor) 43 

Newcastle-on-Tyne 15 

Newcroiserfr— 

Colambiaa  Iron  Works  did  not  submit  designs  and  proposals  for 367 

Dialogue  submitted  no  designs  and  proposals  for 392 

Waite  &  Co.  did  not  submit  proposals  for 437 

New  Jersey  ores 225 

New  Jersey  Steel  and  Iron  Company,  reply  to  circnlar  letter  (armor) 43, 44 

New  London,  Conn.,  naval  station — 

Has  no  plant 134 

Recommendations  in  regard  to 140 

New  York  navy-yard — 

Condition  of  plant ^ 134 

Baoommendations  in  regard  to 140 

Noble,  P..  superintendent  Pacific  Boiling-Mill  Company 345 

Nordenfelt  rapid-firing  guns 11,12 

Volley  guns 15 

Norfolk,  Va.,  navy-yard — 

Condition  of  plant 135 

Becommeudations  in  regard  to 139 

Normal  second-class  torpedo-boat 181,182 

Norristown  lion  Works,  letter  from 337 

North  Chicago  Kolling  Mill  Company,  no  reply  to  circular  letter  (Armor) 44 

Norway  Steel  and  Iron  Works,  reply  to  circular  letter  (armor) 43, 44 

Norwood,  C.  M.,  member  British  committee  on  building  and  repairing  ships..  54 

Ochta  (Russian),  trials  of  armor,  1882 48 

Ohio  Iron  Company,  letter  from 337 

Oil-hardening 288,308,327,342,351,464,476 

Oliver  Bros.  &  Phillips 316 

Open-hearth  plants,  capacity  of 239 

Open-hearth  process  best  for  gun  and  armor 216 

Open-hearth  steel,  advantages  over  Bessemer  for  guns  and  armor 302 

Open-hoarthsteel-works  in  United  States 232 

Ordnance- 
Heaver,  no  anitable  plant  for 289 

Material  supplied  bv  Midvale  Steel  Company 325 

Material,  want  of  plant  and  experience  to  manufacture 342 

Proposition  for  supply  of 473 

Beportof  Chief  otBureau  of  Army,  1882 3 

Beportof  Chief  of  Bureau  of  Army,  1883 3 

Should  be  supplied  by  private  manufactui'ers 452 

Suggestions  concerning  construction  of 458 

Want  of  plants  and  experience  to  manufacture  material  for 351 

OlM— 

Analyses  of 222,263 

California 346 

Cambria's 304 

Pennsylvania  Steel  Company's  353 

Character  of  native 452 

Comparison  of  American  and  foreign 227 

Definition  of  good,  for  steel 2© 

Importation  of 228 

Locations  of  best ^ 342 

Magnetic 266 

Manganese 264 

New  Jersey 225 

Pennsylvania 224 

Treatment  of 263 

Otis  Iron  and  Steel  Company 338,340 

Otis,  Charles  A.,  president  of 338 

Capacity  of  works 338 

Reply  to  circular  letter  (armor) 44,45 

Reply  of  Naval  Advisory  Board  to  (armor) ,•..,, 45 
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Onr  New  CrniMn.    By  Assifttant  Naval  Constinctor  Bowles 4 

Our  Sea-Coast  Defenses.    Lieutenant  Griffeu,  U.  S.  A 6, 200, 212 

Pacific  Boiling-Mill  Company — 

'Description  of  plant 345 

Letter  from ; 345 

Pa$;e,  William  N.,  general  manager  Iron  and  Steel  Works  Association  of 

Virginia 363 

Palmer,  N.  F.,  jr.,  manager  Qnintard  Iron  Works,  statement  of 399 

Palmer,  Charles  M.,  member  British  committee  on  building  and  repairing 

ships 54 

Park  Brothers  &  Co 316,317,319,322 

Capacity  of  hammer 317 

Parker,  H^j.  P.  H.,  Ordnance  Department,  U.  S.  A 334 

Parrott  ffuns.  experience  with 450 

Partnez&ip  between  GoYcmment  and  private  firms 121, 124, 125, 126, 127, 128 

All  history  warns  against 39,128 

Patent  rights  of  contractor 102 

Paulding,  G.,  president  West  Point  Foundry  Association 456 

Payments  for  contract  work,  how  made  (England) 57, 58, 59, 60 

Penalties  for  contract  work  (England) 61,62,63 

Pencoyd  Iron  Works,  letter  from 347 

Pennsylvania  ores 224 

Pennsylvania  Steel  Company 348 

Capacity  of  works 348,352 

No  reply  to  circular  letter  (armor) 44 

Ore  resources  of 394 

Penn  Works  (Neafie  A  Levy) 396 

Pensacola  navy-yard,  Florida- 
Condition  of  plant 136 

Becommendations  in  regard  to 139 

Pernot  (rotary)  furnaces ; 301 

Peter,  T.  J.,  president  Brierfield  Coal  and  Iron  Company,  letter  from 354 

Petroleum,  use  of 288,308,342,454 

Phaeton,  protected  steam  cruiser 104 

Phelps,  Hon.  Edward  J.,  minister  to  England,  courtesies  of 25 

Phoenix  Iron  Company 125 

Phosphorus 300 

Picket-boats,  light-draft 145 

Pig,"  American  "Scofch 291 

Pittsburgh,  annual  production  of  iron 319 

Pittsburgh  Steel  Casting  Company 316,319,323 

Capacity  of  works 356,358 

Letter  from ; 356 

Steel-producing  works  in  and  around 316 

Pittsburgh  Steel  Works- 
Inquiries  received  from 36 

Beply  to  circular  letter  (armor) 44 

Plant- 
Additional,  necessary  to  build  armored  ships 379 

Cost  of,for  manufacture  of  heavy  guns 40,120,129 

Cost  of,  for  manufacture  of  material  for  guns 40,129 

Entire,  to  be  owned  by  Government 363 

Estimate  of  cost 303 

No  suitable,  in  the  United  States  for  construction  of  armored  ships  and 

manufacture  of  modem  armor  and  guns S^l,  289, 304, 351 

Required  for  supply  of  guns  and  armor 216 

Time  of  erection  for  manufacture  of  puns  and  armor  345 

Polyphemus,  torpedo  ram,  experiments  with 168 

Portsmouth  Iron  and  Steel  W  orks,  no  reply  to  circular  letter  (urmor) 44 

Portsmouth  navy-yard.  New  Hampshire- 
Condition  of  ]^lant 133 

Becommendations  in  regard  to 140 

Pottstown  Iron  Company,  letter  from 359 

Powder,  American  brown  (cocoa) 30 

Powell,  J.  W. ,  paper  on  Bessemer  ores  and  steel  works 213 

Process,  best,  for  manufacture  of  steel  for  guns  and  armor 28b,  307, 341, 350 

Programme,  British,  for  ship-building  for  1885-^86 116 

JE*rogress  thftt  has  been  made  in  a  new  navy...... ,....,,,,..         143 
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American,  experiments  with 30, 31 

Chrome  steel 0 

Comparison  of  American  and  foreign 31 

Foreign,  experiments  with 30,31 

Steel 3<) 

Propeller  shafting  to  be  made  hollow,  of  Whitworth  fluid  compressed  steel 

with  solid  couplings 66 

Proposals— 

Form  of,  recommended  by  Gun  Foundry  Board 130 

For  marine  steam  machinery,  condition  of  (England) 88 

For  a  set  of  marine  engines  and  boilers  (England) 78, 60 

Proving  ff round — 

Nav^  ordnance 30 

Shoeburyness,  England 13 

Puritan,  United  States  monitor 403 

Comparison  with  English  ships 404 

Puscy  &,  Jones  Company 397 

Capacity  to  build  ships,  engines,  and  boilers 397 

Puteaux  gun-factory  (France) 121, 122 

Pueblo 311 

Pylades,  protected  sloop 110 

Questions  Mar i times,  by  Emile  Weyl 5 

Quint  ard  Ironworks •. 399 

Capacity  to  build  engines  and  boilers 399 

Pacer,  unarmored  gun-vessel 112 

Kaiidall,  Hon.  S.  J.,  chairman  House  Committee  on  Ordnance  and  War  Ships.  41 

Kapid,  protected  sloop '. 108 

Bapid-nring  guns. 

Hotchkiss 11,13,30 

Hotcbkiss,  description  of 444 

Nordcnfelt 11,13 

Baven,  unarmored  gunboat 104 

Kavensworth,  chairman  British  committee  on  building  and  repairing  ships./  54 

Baymond,  B.  W.,  secretary  American  Institute  Mining  Engineers 3 

Beading  Iron  Works 125 

Beceiver  for  150  tons  of  Bessemer  steel 477 

Boeder,  Charles,  statement  of 400 

Beeder,  Charles,  &  Sons 400 

Work  done  for  Government 400 

Beforms  necessary  in  navy-yards 41 

Beindeer,  unarmored  gun-vessel 110 

Benown,  armored  barl^tte  ship 15 

Bepaira— 

All  should  be  made  in  Government  yards 52 

Cost  of,  in  navy- yards 41 

Bepairsand  refits  of  ships 53 

Bequisites  of  a  proper  defense 148 

Betum  of  ships  built  and  building  for  the  British  navy,  1880  to  1885 103 

Bevolving  cannon,  Hotchkiss 6,12,13 

Biaohuelo— 

Armor  for 89,90,91 

Deck  armor  of 91 

Dimensions  of 83 

Draught  of  water  of ^ 64 

Estimate  of  weights  of 83 

Frames  behind  and  above  armor 86 

Interior  arrangement  of 94,100,101 

Outside  plating  of 87 

Pilot  tower  of...  1 90 

Qualitjr  of  materials  for 89 

Sheathing  of  teak  and  zinc  for 92 

Speed  of. .^ '       84 

Torpedo  armament  of 95 

Tutretsof 90 

Twin  armor-clad  turret-ship,  contract  for  (Samuda  Bros.,  London) 83 

Watertight  compartmeuts  of 97 

Bifling,  wear  of 4ri0 

Bipley,  General  B.  S.,  statement  of ..«..  ^«.^...  4^ 


INDEX  TO   APPENDIX.  505 

PSffSb 

Boaoh,  John,  d:  Co.,  ships  built  by 410 

Boach,  John,  statementof 403 

Boberts,  A.  H.  &  Co.,  letter  from 347 

BobinsoD,  George  H.,  member  of  De  Lamator  &,  Co.,  statement  of 488 

Bodman's  inveDtion 461 

System  of  casting  gnns 317 

Bodnev,  armored  barbette  ship 13,106 

Bolls  lor  armor 47 

BoUing-m  ill  capacity 320 

Boiling-mills,  no  suitable,  in  United  States  for  heavy  ordnance  material 341, 351 

Borne,  City  of,  shafting 17,23 

Bosecrans,  Hon.  William  S.,  chairman  Committee  on  Heavy  Ordnance,  1885.  5 

Botary  (Peraot)  furnaces 301 

Bough-boring  done  at  Washington  navy-yard 327 

Bongh-t urniug  dono  at  Washington  navy-yard 327 

Bowe,  A.,  addressed  by  the  Torpedo  Boaxd 151 

Bowland,  Thomas  F.,  addressed  by  Torpedo  Board 151 

Continental  Iron  Works,  statement  of 370 

Boyalist,  protected  sloop 10» 

Bnelle  gnn  factory 121,122 

Bussia,  sources  of  supply  of  armament 124 

Bussiau  cruisers 373 

Sackett's  Harbor  naval  stat  ion,  New  York,  has  no  plant 136 

Salom,  Pedro  O. ,  president  Standard  Steel  Casting  Company 360 

Samnda  Bros.,  contract  for  twin  armor-clad  tarret-ship  Biachuelo 83 

Samuda,  Joseph  U'A.— 

Member  of  BritiHh  committee  on  building  and  repairing  ships 54 

Memorandum  to  report  of  British  committee  on  building  and  repairing 

.ships 54 

Becommendations  for  building  by  contract 55 

Satellite,  protected  sloop 104 

Schneider,  Henri  (armor) 16 

Schneider  &  Co.  (Le  Creusot,  France) 24,121,122 

Schneider  steel 122 

Schneider's  Woriss  (Le  Crensot,  France) 24 

Scout,  torpedo  cruiser 112 

Scouts / 116 

Sea  coast  defenses,  extract  from  Beport  of  Chief  of  Engineers,  U.  S.  A 4 

Secretary  of  the  Navy — 

Beport  o1^  1883 3 

Beport  of;  1884 4 

Senate  ordnance  report,  1883 3 

Severn,  protected  cruiser 13,112 

Shafting.  City  of  Bome(Whitworth) 17,23 

Paddle-steamer  Ireland  (Whitworth) 18,23 

.  Shafts- 
Crank,  to  be  of  Whit  worth  fluid*compressed  steel  or  Vicker's  steel  (Brit- 
ish Admiralty) 66 

Heaviest  steel  in  United  States 348 

Heavy,  no  suitable  plant  for,  in  United  States 439 

List  of  steamers  that  have  broken 405 

Wrought  iron,  reasons  for  preferring,  to  steel 405 

Sheathingof  the  Biachuelo 92 

Sheffield,  England 15 

Armor  manufacturers  in 46 

Sheridan,  Bich.,  jr.,  statement  of 481 

Shields,  Yavasseur 11 

Ships- 
Best  method  of  supply 34 

British,  total  expenditures  for  1865  to  1884 '      118 

Bnilding  and  repairs  of  English 50 

Capacity  of  United  States  to  build 303 

Comparison  of  cost  of,  in  Enclaud  by  Government  or  contract 50 

Comparison  of  cost  of,  with  tliose  of  14  years  ago 420 

Comparison  of  iron  and  steel  hulls 37G 

Comparative  cost  of 377 

Iron,  built  by  John  Boach  &  Co 410 

Iron  and  steel,  proftress  nitulo  in  United  States  last  14  yeai*s 418 

Beport  of  British  committee  on  building  aud  repairs  of 50 

Specifiofttionsibr 5q 


506  INDEX   TO   APPENDIX. 

Bhip-boilding— 

Byoontraot,  form  applicable  to  (England) 82 

By  coDtrac t|  recommendations  of  Joseph  D'A.  Samnda 55 

Programme  (British)  proposed  for  18fe^86 116 

Ships  of  war,  by  Assistant  Naval  Constractor  F.  T.  Bowles,  U.  8.  N 6 

6hoebnrynes8  proving-gToand,  England 13 

Bhoenberger  &  Co 316,319,382 

Siemens' melting-fnrnaces 325 

SiHcon 265,300 

Simonds*  ronnd  forging-maohine 30 

Simpson,  Bear-AdminS  £.,  U.  8.  N.— 

Opinion  on  armor 204 

Paper  on  the  Navy  and  its  pnmeots  of  rehabilitation 6 

What  has  been  done  for  a  new  Navy 143 

President  Gnn-Fonndry  Board 4,40,131,132 

Sims  electrical  fish-torpedo 15Selseq. 

Sims  Electrical  Fish-Torpedo  Company,  addressed  by  Torpedo  Board 151 

Singer,  Nimick  &  Co 316,319,322 

Sloops,  partially  protected 104,108,110 

Smith,  SnfctonandCo 316,319,323 

Soci^t^  des  Acieries  et  Forges  de  Firminy,  Firminy  (Loire) 121 

Sonth  Boston  Iron  Works 125,447 

Capacity  of 460 

Gnn-plant,  GoyemmenVs  interest  in 466 

Spandan  gun  factory 123 

Spanff  Steel  and  Iron  Company 316,319,321 

No  reply  to  circular  letter  (armor) 44 

Spar  torpedo 148,173 

Special-service  vessels 106,108,110,112,114 

Specifications  for  contract  work  should  be  fuller 54 

Specimens,  form  of 336,344 

Spezia,  Italian — 

Comparative  armor-plate  experiments,  1884 24,26,27,28,29 

Trials  of  armor.  1882^ 48 

Sphinx,  special-service  vessel 108 

Spiegeleisen 229,264 

Spiegel 328 

Importation  of 228 

Production  of:  in  United  States 229 

Springfield  Iron  Cfompany,  reply  to  circular  letter  (armor) 44, 45 

Standard  Steel  Casting  Company,  letter  from 360 

Standard  Steel  Works,  reply  to  circular  letter  (armor) 44 

Standish,  M.,  letter  of 478 

Starling,  unarmored  gunboat 104 

St.  Chamond— 

Acierie  de  la  Marine 121,122 

Manufacture  of  compound  armor 46. 

8<^I- 

Armor • 16,47 

Bestmaterialforarmor  of  ships  and  forts  , 211 

.  Castings 299,356,454 

Castings,  heaviest 338 

Choice  of,  for  ordnance  purposes 230 

Comparative  tests  of 330 

English  rules  for  quality  of,  for  ships 376 

Fliud-compressed 17,23 

Fluid-compressed,  used  for  crank  and  propeller  shafts  and  cylinder  liners 

(British  Admiralty) 66 

Forgings,  heaviest 338 

For  guns,  ships,  and  armoi^-Albert  Williams,  jr 217 

For  guns  and  armor,  capabilities  of  American  firms  to  prod  ace 230 

For  rapid-firing  guns 442 

Improved  by  working  and  treatment 288,308,342 

Methods  of  producing 215 

Midvale 834 

Plates,  Whitworth  experimental 47 

Production  of 235,236,237 

Production  of,  1883 215 

Projectiles 30 


INDEX   TO   APPENDIX.  507 

Page. 
Steel— Continued. 

Proposals  of  Otis  Iron  and  Steel  Company  to  supply,  for  g^ns,  ships,  and 

armor 338 

Quality  of  American 2(51 

Relative  cost  of  American-made 230 

Belative  specific  gravity  of  cast  and  forged 469 

Shafts,  largest 348 

Ships,  progress  made  in  last  14  years 418 

Supplies,  source  of 423 

Tests  of 289,475 

Tests  of  Cambria 9 309 

Tests  of  Pennsylvania  Steel  Company's 352 

United  States  can  produce  highest  quality 238 

Whitworth 334 

Whitworth,  the  best 340 

Whitworth  treatment  superior  to  all  other 16,23 

Works,  capacity  of,  to  make  guns  and  armor 34 

Vicker's,  may  be  used  for  crank-shafts  (British  Admiralty) 66 

Steel-gun  factories — 

Establishment  of 42 

In  United  JStates^  establishment  of,  by  Lieut.  W.  H.  Jaques,  U.  S.  N 5 

Steel  industry  of  the  United  States,  present  technical  condition  of,  by  Phiu- 

eas  Barnes 6 

Steel  ingots — 

Cambria's  annual  production  of 304 

Heaviest :.  316 

Manufacture  of 217 

Steel-makers,  French 121,122 

Steel  making 4G2  tft  «eg. 

Steel  manufacturers—  ^ 

Circular  letter  to 42,43,46 

Keplies  to  circular  letters 44,45 

Should  supply  material 130 

Steel  plant,  Woolwich 11 

Steel-producing  establishments  iu  and  around  Pittsburgh 316 

Saint  Peters  (Hawthorn) 15 

Stone,  A.  B.,  letter  from 363 

Stork,  unarmorf  d  gunboat 104 

Stormcock,  special  eervice  vessel 110 

Sabcommittee,  report  of,  on  a  visit  to  England 11 

Submariue  artillery,  Lieut.  Comm'r  Barber's  history  of 167 

Submarine — 

Gun,  Ericsson 6 

Projectiles 171,172 

Rockets 171,172 

Mines- 
Essential  element  of  vigorous  defpnse 145 

Functions  of 145 

Suchum,  torpedo-boat  (Russian) 182, 188 

Sulphur 300 

Supply,  special  service  vessel 106 

Surpnse,  dispatch  vessel 112 

Swallow,  unarmored  gun  vessel 114 

Swank,  James  M. — 

Assistance  rendered  by 130 

Bird's-eye  view  of  production  and  importation  of  iron  ores 241 

Paper  on  iron  in  all  ages 5 

Statement  of 238 

Swartzkoff  torpedoes \ 15 

Swartzkoff  addressed  by  Torpedo  Board 151 

Talent,  United  States  Government  does  not  pay  enough  for 418 

Tarbes^uu  factory 121,122 

Tempering 467 

Term,  Rome,  factory  established  to  manufacture  steel  armor 25 

Terror,  United  States  monitor 380 

Testing-machines 289,305,340,342,349,351,469 

Teste— 

Chemical 329, 3:«,  340, 349 

Of  guns,  method  of,  in  France 445 

Physical 329,332,340,349 

Table  of  Otis  steel 343 


608  INDEX   TO   APPENDIX. 

PageL 

Thames,  protected  craiser '. 114 

Thorny  croft,  celebrated  Engliah  bailder  of  torpedo-boats 163, 171, 172 

Timber  in  California 425 

Tools- 
Comparison  of 303 

For  enns,  armor,  and  armored  ships 380 

Tool-makers,  fabrication  of  gnns 123 

Tool-manufactarers  of  the  Iniited  States  have  made  no  modem  gun-tools. . . .  132 

Torpedo  appliances,  progress  in,  abroad 148 

Torpedo  armament  ot  the  Biachuelo ^ 95 

Torpedo  defense — 

Beport  of  a  board  of  German  naval  officers  on 175 

War  strength  of 179 

Torpedo -xnnnaces 184 

Torpedo-ram 116 

Torpedo  school- 
Newport 178 

Willets  Point , 178 

Torpedo  system,  want  of  an  effective 148 

Torpedo  trials,  results  of 154ef  aeg. 

Torpedo  warfare— 

Greatest  danger  in 169 

Paper  on 147 

Lieutenant-Commander  Bradford's  history  of .' 167 

"Torpedoes,"  by  Lieut.  Col.  H.  L.  Abbot,  U.  8.  A 146 

Torpedoes- 
Appropriations  for  1880-'84 149 

Appropriations  recommended  for 174 

Automatic,  United  States  have  none 212 

Cannot  take  the  place  of  all  other  defenses 148 

Congressional  action,  1883 150 

Development  of,  in  United  States 149,150 

Electrically-controlled 145 

Electrically-controlled,  unfit  for  naval  warfare 170 

Estimates  for 170,171,174 

Howell  automatic 153,169,171,173,174 

Howell,  characteristics  and  efficiency  of 169 

Howell,  latest  trials  of 169 

Lay-Haight 149,153 

Movable 145 

Kecommendations  of  Chief  of  Naval  Ordnance,  Naval  Advisory  Board, 

and  the  Admiral 149,150 

Sims' eleclricnl 153 

Spar 148,173 

Swartzkoff 15 

"Use  of,  in  War,"  by  Commander  Gallway,  R.  N 168 

Weeks  surface  rocket T ir>3f(«»7. 

Whitehead 11,14,15,149,150,103,168,171,172,173.174 

Whitehead,  cbaratoristics  and  efficiency  of 169 

Whitebend,  cost  of 171 

Woolwichlish 11,15 

Torpedo  Board— 

Appointed  to  examine 151 

Inventors  and  manufacturers  addressed  by 151 

Instructions  to 151 

Report  and  conclusions  of 154  et  seq. 

*•  Torpedo-boat  Coast  Defouso,"  by  Lieut.  Commander  F.  M.  Barber, U.  S.  N. .  171 

"Torpedo-boats  for  Coiist  Defeuso,"  by  Lieut.  E.  W.  Very,  U.  S.  N 174 

Torpedo-boat  coast  defense,  great  attention  given  to,  by  foreign  governments.  174 

Torpedo-bonts 145 

Appropriations  recommended  lor 174 

Armament  of 163 

Complement  of  officers  and  men «..^.  173,180 

Cost  of 172 

•  Crews  deficient  in  education  for 167 

Description  of 182eiMg. 

Development  of 181 

Estimates  for 170,171,172,173,174 

Estimate  of  number  required 173,179,180,181 


INDEX   TO   APPENDIX.  509 

PagA. 
Torpedo-boats— Con  ti  D  iied . 

First  class 116,163 

First-class,  English  sea -going  (Thorny  croft) 164 

First-class,  Englibh  tj^po  (Yarrow) 165,167 

French,  behavior  at  sea 190 

French  system  of  nambering 191 

Herrebhoff 173,183 

Highest  speed  gaaranteed 163 

Increase  of  number  of,  in  time  of  war 173,180 

Latest  English  types 163,167 

Mannfacture  in  United  States 172 

Necessity  for ^ 1G3 

Passed  beyond  experimental  stage 176 

Personnel  for 180 

Phenomenal  development  abroad 163 

Preparations  for  building  and  equipping 174 

Recommendations  to  pnrchase 149,150 

Second  class 163,178,173 

Table  of,  possessed  by  different  nations,  1884 175,176 

United  States  have  none 212 

Torpedo  cruisers 112,114,116 

Townsend,  E.  Y.,  president  Cambria  Iron  Company 292 

Transactions  of  the  American  Institute  of  Mining  Engineers 3 

Tredegar  Iron  Company- 
Description  of  works 361 

Inclosing  letters  to  Gun  Foundry  Board 361 

Proposition  to  enlarge  plant,  Gk>vemment  to  advance  money 362 

Reply  to  circular  letter  (armor) 44 

Trepanning  plant 11 

Triton,  special-service  vessel 106 

Turning  done  at  Washington  navy-yard 327 

Turret-ships,  armored 114,116 

Unarmored  tonnage  built  in  British  dock-yards  and  by  contract,  1865  to  1884 .  118 

Unarroored  vessels,  value  of 178 

Union  Iron  Works,  California 423 

Description  of 429 

Uuion  Steel  Company,  letter  from 363 

United  States — 

Destitute  of  source  of  supply  of  modem  ordnance 125 

Sources  of  supply  of  armament 1 125 

Torpedo  Company  addressed  by  Torpedo  Board 151 

Varall,  Elwell  &  Middleton,  tool-makers 123 

Vavasseur  gun-carriages  and  shields « 11 

Very,  Lieut.  E.  W.,  if.  S.  N.— 

"Development  of  Armor" 3,195,196,197,198,202,203,210 

Paper  on  Uotchkiss  revolving  canuon  .'. 6 

Report  on  t orpedo-boats  for  coast  defease 174 

Vickers,  Sons  &  Co.  (Sheffield) , 15 

y ickers'  steel  may  be  used  for  crank-shafts  (British  Admiralty) 66 

Waite,  Samuel  R.,  statement  of 436 

Wallace,  William  H. ,  &  Co.,  armor  for  Miantonomoh 36 

Wanderer,  unarmored  gun-vessel 108 

War-ships — 

Comparative  cost  of  native  and  foreign 412 

Foreign  expenditure  for 421 

Suggestions  for  the  buildiuff  of 412 

United  States  expenditure  for - 421 

Warspite,  armored  barbette 13,106 

Washed  metal 291,462 

Washington  navy-yard — 

Best  location  for  naval  gun  factory 39,128 

Condition  of  plant 135 

Gun-fabricating  plant  at 138 

Ouns  and  carriages  fabricated  at 30,35 

Recommendations  in  regard  to 139 

Rough  boring  and  turning  done  at 327 

Steel  guns  in  hand,  October,  1885 136 

Watchful,  unarmed  gunboat 108 

Water-tight  compartments  of  the  Riachuelo 97 


510  INDEX   TO  APPENDIX. 

Watervliet  ftTfienal,  West  Troy,  N.  Y 281 

Best  Bite  for  Army  gun-factory 39,128 

Wave,  special  service  vessel 112 

Weeks,  Asa,  addressed  by  Torpedo  Board 151 

Weeks  surface  rocket-torpedo 153 

Cost  of 157 

Wellman,  S.  T.,  superintendent  Otis  Iron  and  Steel  Company,  statement  of .  340 
West  Point  Foundry  Association — 

Capacity  of  plant 456 

Government  work  in  hand 457 

Letter  from 45t> 

Wetherill,  Robert,  &,  Co.— 

Letter  from 441 

Possess  large  machine-shops 441 

Weyl,  Lieut.  Emile,  French  navy 195,210 

Paper  on  '^  Questions  Maritimes'' 5 

White.  W.  H.,  chief  naval  construction,  England 15 

Whitenead,  addressed  by  Torpedo  Board 151 

Whitehead  torpedo 14.149,150,163,168,171,172,173,174 

Armament  of  the  Riachnelo 95 

Characteristics  and  efficiency  of 169 

Cost  of 171 

Enormous  amounts  spent  for  development  of 168 

Whitworth,  Sir  Jos.,  &  Co.  (Manchester) 15,16,23,35 

Whitworl b  experimental  stoel  plates 47 

Whitworth  flu id-compreHsed  steel  to  be  used  for  crank  and  propeller  shafts 

and  cylinder  liners  (British  Admiralty) 66 

Whitworth  forging-press,  capacity  of 454 

Whitworth  sbalting 371 

Whitworth  steel  the  best 340,442 

Williams,  Albert,  jr. — 

Mineral  Resources  of  United  States,  188:j-'84 5 

Paper  on  steel  and  ores 217 

Wilson  patent,  compound  armor 46 

Wilson  system  (compound  armor) 16 

Wingtield,  Lieutenant,  Royal  Navy,  assisted  committee 11 

Wire  gun  (Woodbridge) 468 

Woodbnd^e  wire  gun 468 

Tube  tor,  machined  at  Washington  navy-yard 138 

Woolwich  tish- torpedoes 15 

Woolwich  royal  arsenal 11,120 

Workingmen — 

Conditioned  in  Philadelphia 387 

Condition  of,  in  San  Francisco 432 

No  need  to  employ  foreign 402 

Workmanship,  native,  better  than  foroi^ *. 378 

Wrought  iron  shafts,  reasons  for  preferring,  to  steel 405 

Yarrow,  celebrated  English  bnilder  of  torpedo-boata 163, 171, 172 


INDEX  TO  ILLUSTRATIONS. 


Plate.  Pagei 

AgamemDon,  English  torret-Bhip 7  13 

Amiral  Baudin,  teste  of  annor  for 33,34,35  209,210 

Armor,  compound,  effect  of  fire  on 28  201 

Armor-plate,  double  curved ii9  203 

Armor-plate  experiments,  Spezia,  1884 17, 18, 19  25 

Armor,  steel,  effect  of  fire  on 27  21>1 

Barbette  ship 6  13 

Breech  mechanism,  Royal  Gun  Factory  (Woolwich),  breech  action  . .  1  10 

Camperdown,  English  barbette  ship 6  13 

Compound  armor,  effect  of  fire  on 28  201 

Cruiser,  l9-knot  protected,  steel 10  15 

Destroyer,  Ericsson^s 27  166 

Double  curved  armor-plate 29  203 

Effect  of  fire  on  compound  plate   98  201 

Effect  of  fire  on  steel  armor-plate 27  201 

Eight-inch  hooped  B.  L.  steel  rifle,  Bureau  of  Ordnance,  Navy  De- 
partment   20  137 

Ericsson's  Destroyer  system 27  166 

Furieuz,  tests  of  armor  for 30,81,32  207,208 

Gun,  8-inch  breech-loading  rifle 20  137 

Gun,  110-ton  breech-loading  rifle  (English) 13  19 

Gun-carriage,  Vavasseur 2  11 

Hoop,  drawing  ( Whitworth  forging  press) 15  21 

Hoop,  enlarging  ( Whi  t worth  forging-press) 16  22 

Hotchkiss  rapid-^ring  gun 4  13 

Hotchkiss  revo  I ving  cannon  and  Navy  carriage 3 

Howell  torpedo 21  160 

Fly-wheel  and  shaft-gearing    22  161 

Launching  appai  atus 23  162 

Ingot,  drawing  (Whitworth  forging-press) 14  '-:0 

Ireland,  paddle-steamer,  shafting 12  IH 

Launching  apparatus  for  HowciT  torpedo 23  162 

Nordeniblt  rapid-firing  gun 5  13 

Projectiles,  comparison  of  American  and  foreign  (2  cuts) 31 

Protected  cruiser,  19  knot IC  15 

Rapid-firing  guns 4,6  13 

Hotchkiss 4  13 

Nordenfeldt 5  13 

Revolving  cannon 3  12 

Rome,  City  of,  shafting 11  17 

Shafting  of  City  of  Rome 11  17 

Shaftinc,  paddle  steamer  Ireland 12  18 

Shield,  Vavasseur  gun 2  .11 

Spezia  armor-plate  experiments,  1884 17,18,19  25 

Steel  armor,  effect  of  fire  on...i 27  201 

Steel  projectiles  (2  outs) 31 

Tests  of  armor  plate — 

For  the  Amiral  Baudin 83,34,35  209,210 

FortheFurieux 30,31,32  207,208 

Thomycroff  s  torpedo-hoata 24,25  163,164 

Torpedo— 

Howell , 21,22  160,161 

Whitehead 8  14 

511 


612  INDEX  TO  ILLirSTRATTONS. 

FlAte.  Page. 
Torpedo-boat- 
English  firet-clase  (Thornycroft),  1885 '25  163 

EngliBh  type,  flwt-clase  (Yarrow),  1885 26  165 

Firet-class 24  163 

Thoroycroft,  1885 24,  25  163, 164 

Yarrow,  1885 26  165 

Torpedo-gnn 8,9  14,15 

Tniret-Bhip 7  13 

Vavasaeor  8-inch  gun-carriage  and  shield 2  11 

Whitehead  torpedo  and  g^n 8  14 

Whitehead  torpedo-gun 9  14,15 

Whitworth  forging  press,  work  of 14,15,16  20,21.22 

Yarrow  torpedo-boat,  1885 26  165 

O 


i 


) 


I 


UNIVERSITY  OF  CALIFORNIA  LIBRARY 


THIS  BOOK  IS  DtTE  ON  THB  LAST  DATE 
STABIPED  BELOW 


OCT  18^^^' 


80m-l/15 


YC  53845 


ONIVERSITV  OF  CAI.IFORNU 


LIBRARY 


